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MECHANISM OF THE FORMA'l'ION OF PURE 
CHOLESTEROL GALLSTON ES 


HARRY B. WEISER, Pn.D. 
Axn 

GEORGE R. GRAY. M.A. 

HOUSTON*. TEXAS 


Stones formed in the gallbladder without the coexistence of inflam- 
mation resulting from infection are usually designated as “pure” stones, 
for example, “pure cholesterol stones” or “pure calcium pigment stones,” 
Ihe cholesterol stones, which are by far the most common example of 
this type, consist largel}* of an enmeshing network of radial crystals 
of cholesterol, together with small amounts of alkali and calcitim cho- 
lates and bile pigments. Since the pure cholesterol stones always occur 
singly, iMcckel von Hemshach ^ called thent cholesterol solitaires. 

In a recent study of certain colloidal jthenomena which occur in the 
formation of gallstones accompanied by infection.- it was disclosed that 
there was no satisfactory mechanism to explain the formation of ])urc 
cholesterol stones. In the present article an attem])t is made to give 
the experimental basis of a colloidal theory of the ])rocess of formation 
of such concretions. 


Although the colloidal theory of the formation of gallstones is 
largely the product of recent investigations, it should be recalled that 
uhat is now termed colloidal behavior was recognized as important in 
producing concretions by Hippocrates, the Father of Medicine, in the 
^urth century B. C., and by Galen in the second century of our era. 
I hese renowned physicians of ancient Greece attributed the abnormal 
deposits to an accumulation of mucus which clung to the organ and 
seived as a nucleus for the stone which subsequently formed The first 
experimental evidence of the role which colloids may play in the for- 
nmtion of the concrements was obtained in 1684 by von Hevde, who 
dissolved out the crystalline material from a urinary calculus and 
observed a residual framework. This organic framework was recog- 


From the Department of Cliemistry. The Rice Institute. 

of Division of Biological Chemistry at the Washington Infecting 

of the American Chemical Society, March 29, 1933. 

L von Hemsbach, Meckel: jMikrogeologie, 1856. 

2. Weiser, H. B.. and Gray, G. R. : J. Phys. Chem. 36:286, 1932. 
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nized clearly b}- Adeckel von Hemsbach/ as evidenced by the following 
quotation : 

Two basic factors underlie the formation of every true gall or urinary stone; 
first, the presence of an organic substance, mucus, in which there may be deposition 
of salts ; second, a suitable urinar}' or gall fluid to serve as the mother liquor for 
these sediments. The decomposable organic substance, mucus, is unquestionably 
necessar}^ because urinary salts and gall substances of themselves can yield only 
crystalline, pulverulent or granular precipitates and never larger pieces. Stones 
are formed only when an organic binder is carried down too. 

Although the presence of a colloidal organic binding material result- 
ing from an inflammatory process has been definitely established as 
essential for the formation of certain types of concretions, it was dem- 
onstrated almost a quarter of a century ago b}^ Aschoff and Bacmeister ^ 
and by Schade that both gall and urinaiy calculi may form under 
suitable conditions without inflammation as a result of infection. 

The incidence of ptu'e cholesterol stones is believed by Aschoff' ^ to 
result from a disturbed metabolism which gives an abnormally high con- 
tent of cholesterol in the blood and subsequently in the bile. According 
to Dostal and Andrews,*’ a survey of the experimental evidence does 
not support this view; on the contrary, it shows the absence of any 
connection between the cholesterol content of blood and bile. Recently, 
however, Wilkie and Doubilet ' at McGill University made striking 
observations which support Aschoff’s theory. Thus it was shown that 
in normal animals with the cystic duct tied, cholesterol passes from the 
blood through the mucosa of the gallbladder into the bile provided 
the cholesterol concentration of the bile is lower than that of the blood, 
whereas cholesterol passes from the bile through the gallbladder into 
the blood stream provided the cholesterol concentration of the bile is 
higher than that of the blood. Moreover, the amount as well as the 
direction of passage of the cholesterol appears to dejDend on the blood- 
bile cholesterol ratio. 

In contrast to Aschoff’s theoiy, Naunyn ® attributed the presence of 
excess cholesterol which may lead to the formation of stones in the gall- 
bladder to the disintegration of the epithelium of the gallbladder or 
to the direct secretion of cholesterol by the mucosa of the gallbladder. 

3. Aschoff, L., and Bacmeister, A. : Die Cholelithiasis, Jena, G. Fischer, 1910. 
Kleinschmidt, O. : Die Harnsteine, Berlin, Julius Springer, 1911. 

4. Schade, H. : (or) Kolloid-Ztschr. 4:175, and 261, 1909. {b) Alexander, J. : 

Colloid Chemistry New York, The Chemical Catalog Compan}^ 1928, vol. 2, p. 
803. 

5. Aschoff, L. : Lectures on Patholog}^ New York, Paul B. Hoeber, Inc., 1924, 

p. 206. 

6. Dostal, L. E., and Andrews, Edmund: Arch. Surg. 2.6:258, 1933. 

7. Wilkie, A. L., and Doubilet, Henry: Arch. Surg. 26:110, 1933. 

8. Naunyn, B. : Klinik der Cholelithiasis, Leipzig, F. C. W. Vogel, 1892. 
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This view has been largel}’ disproved, and has been abandoned by most 
pathologists. Recently, however, it has been .revived by Elman and 
Graham ■’ to account for the presence of chole.sterol crystals in the walls 
of the gallbladder. Although this pathologic condition called choles- 
terosis or “strawberry’’ gallbladder is well known, it does not follow 
that the crvstals deposited in the mucosa of the gallbladder arc secreted 
by the mucosa. 

On one point everybody is agreed: W'hatever the source of the 
excess cholesterol, a condition must arise which causes preci])itation of 
the compound or no stone can form. During stasis. Aschoff visual- 
izes the i^recipitalion from a hypcrcholestcrolated bile about some 
nucleus, ultimately leading to the formation of a gallstone. W'hile this 
step is necessary, pathologists have not always recognized that precipi- 
tation is in itself altogether inadequate to account for the binrling of 
the minute crvstalline particles into a concretion. Schade realized the 
necessity of accounting for the collection of the precipitated cholesterol 
into a coherent mass and proposed the following mechanism : 

Bile al\va 3 ’S contains, in addition to cholesterol, small ciuantities of fat dissolved 
in its cholate. Now in stasis of the bile, as the CKpcriencc of the surgeon and 
the pathologist proves, the concentration of the cholatc is gradnall.v diminished 
bj' autoh’sis and resorption until fimillj’ a water-clear, almost cholate-frec fluid is 
left; but the cholesterol remains in uncHminished quantity and is ultimately in 
e.xcess. The increasing impoverishment of the bile in cholatc content, compels 
small quantities of cholesterol to separate out from time to time. But owing to 
the presence of fat it is guttulatc separation which occurs, and since in such simple 
stasis, foreign substances are lacking, there is nothing to prevent the aggregation 
of the droplets. 

While Schade’s proposed mechanism possesses element. s of value, it 
is based on certain misconceptions which render it inadequate. In the 
first place, it is taken for granted that the alkali cholates can hold large 
amounts of cholesterol in the dispersed state ; ljut it requires about 40 
parts of cholate to disperse 1 part of cholesterol. In the next place, it 
is assumed that during stasis the cholates graduall}’- disappear, allowing 
the cholesterol to precipitate. But Rous and McMaster and more 
recently, Andrews, Dostal, Goff and Hrdina demonstrated conclu- 
sively that stasis alone does not necessarily alter the bile salt-cholesterol 
ratio in the gallbladder. The introduction of some other factor such 
as bacterial infection or chemical irritation, say by pancreatic juice, is 
necessary for resoi'ption of the bile salts to take place. But inflam- 
mation from infection, or, indeed, anything more than a relatively mild 
chemical inflammation, is not essential for the formation of pure cho- 

9. Elman, Robert, and Graham, E. A.: Arch. Surg. 24:14, 1932. 

10. Rous, Peyton, and McMaster, P. D.: J. Exper. Med. 34:47, 1921. 

11. Andrews, Edmund; Dostal, L. E.; Goff, M., and Hrdina, L.: Ann. Surg 
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lesterol solitaires, since gallbladders in which they are found usually 
show no signs of inflammatioir and the pathologic results of infection are 
absent. Moreover, in the presence of infection, stones of a distinctlv 
different type are formed. Finally, emphasis is laid on the importance 
of the presence of excess fat; but cholesterol is quite soluble in fat, 
and an excess of the latter would tend to prevent rather than favor the 
formation of gallstones. 


EXPERIMENTAL WORK 

The following experiments appear to throw considerable light on 
the mechanism by which precipitated cholesterol may be collected into 
a unified coherent mass : 

1. It is commonly stated that cholesterol, which is quite insoluble in water, is 
held in the dispersed state in the bile by the peptizing action of the alkali cholates. 
This statement we have found to be onlj' partly correct. Fat-free cholesterol 
was digested for several days in a 6 per cent solution of sodium glycocholate kept 
at 37 C., the body temperature. The amount taken up corresponds to but 0.2 Gm. 
in 100 cc. of solution or 1 part of cholesterol to 30 parts of bile salt. In contrast 
to the relativeb' low peptizing action of the cholates is the marked solubility of 
cholesterol in fats. Thus, at body temperature, 100 cc. of olive oil dissolves 
6 Gm. of cholesterol. Since normal bile may contain 1 per cent or more of fatty 
material, it is apparent that from one-third to one-half the cholesterol in normal 
bile from the common duct is dissolved in the emulsified fat. Moreover, any 
e.vcess cholesterol tends to concentrate around the fat droplets. 

It is significant that the cholesterol which separates from a supersaturated 
solution in fat comes out in the form of needle-like interlacing crystals and not 
in the form of thin platelets such as those obtained from the alcoholic solution. 

2. A drop of olive oil was shaken with 10 cc. of a 6 per cent solution of sodium 
glycocholate. A stable emulsion was formed in which the droplets varied in size 
from extremely minute to fairly coarse. Figure 1 A shows the appearance of a 
portion of this emulsion magnified 70 times. The emulsion is quite stable but 
tends to “cream” on standing, giving an upper layer that is relatively richer in 
fat than the lower layer. 

3. A drop or two of olive oil saturated with cholesterol at 50 C. was added to 
10 cc. of the solution of sodium glycocholate at 25 C. and the mixture shaken 
vigorously. An emulsion was again formed, but this time there was present an 
amount of free cholesterol in excess of the amount required to saturate the fat at 
25 C. A small portion of this excess cholesterol was peptized by tbe alkali cholate 
and the remainder concentrated on the surface of the droplets of emulsified fat. 
This is shown clearly in figure 1 B. It is interesting to note that under these 
conditions the fat droplets have an “armor plate” of cholesterol, as evidenced by 
the fuzz}- appearance of the edges of most of the fat droplets and by the distortion 
in shape of many- of them. It is apparent that cholesterol has a marked tendency 
to collect at an oil-water interface. For this reason, in the bile excess cholesterol 
over and above that dissolved in the bile fat and peptized by the alkali cholates 
concentrates at the surface of the droplets. It thus appears that the chief role 
of the bile cholates in holding relatively large amounts of cholesterol in colloidal 

12. The cholesterol content of normal bile from the common duct is between 
0.06 and 0.12 per cent. 



]V El SER-GRAY— CHOLESTEROL GALLSTONES 


5 


dispersion is as an emulsifying agent for the fats, tlicrel)y furnisliing a relatively 
large surface on which minute particles of cholesterol are absorbed and prevented 
from settling out. 

4. Like most emulsions, those considered in the preceding paragraph “cream” 
on standing; that is, the upper portion becomes relatively richer in fat. This 
process is accompanied by some coalescence, especially of the larger drojis, into 
still larger units. When the droplets arc coated with a film of cholesterol there 
is a marked tendency to form clumps of droplets. Thus, after an emulsion con- 
taining excess cholesterol has stood for a day or two, it is apparent that a con- 
siderable portion of the cholesterol has collected in an upiicr cloudy layer. 
Examination under the microscope reveals the presence of chimps of drojilets 



Fig. 1. — Emulsions of olive oil with .sodium glycocholate : A, in the absence 
of cholesterol ; B, in the presence of excess ciiole.sterol : X 70. 


coated with cholesterol so finely divided that no crystal structure is visible. A 
typical clump of this kind is shown in figure 2 A- Note the irregular shape of 
the clump and the white color which is due to the minute particles of cholesterol 
in the oil-water interface. 

5. For the formation of large cholesterol crystals from the minute particles, 
>t is necessary for the emulsifying film of sodium glycocholate to be broken so 
that cholesterol can come in contact with the saturated fat droplets. Under such 
circumstances it would be expected that the minute particles would dissolve and 
reprecipitate out on larger units. There proved to be two relativelj' simple 
methods of breaking the glycocholate film on the droplets : First, add a trace of 
acid which converts the glycocholates to glycocholic acid which is not an 
emulsifying agent; or second, allow the sample to dry, thus causing the film of 
t e hjdrophilic emulsifying agent to crack. 
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Fig. 2. — Cholesterol-fat dump ; A, freshlj' formed ; B, after four hours 
C, after twenty hours ; X 70. 
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The cfi'ccl of allowing tlic siKcinien sliown in figure 2 ,-/ to stand in llic air is 
shown strikingly in figure 2 R (after four hours) and 2 C (after twenty hours). 
Note the disappearance of the minute i)articlcs of cholesterol and the formation 
in their stead of the fanlike, feathery crystals similar in all essential respects to 
those which characteristically separate from the solution in fat. This process is 
accompanied by the release of the greater portion of the fat solvent. Note the 
relatively large size of the crystals, especially in C, and that they arc suspended 
in a drop of fat the outline of which is clearly visible. 

6. It would appear obvious that the formation of a mass of interlocking crystals 
by the mechanism described in the previous paragrajih would yield a relatively 
firm “stone.” This was demonstrated by pouring fat supersaturated with 
cholesterol into glycocholate solution, emulsifying, allowing to stand for some 
time, and then separating the mass of fat and cholesterol from the remainder of 
the emulsion by centrifugating. After absorbing the c.xcess fat with blotting 
paper, it was formed into a ball and dried. The result was a relatively hard 
crystalline mass, simulating the natural jiurc cholesterol stone in appearance, 
composition and properties. To prepare a photogyapl^. a small ball of tbc 
cholesterol mass was flattened out on a microscope slide, dried, and digested at 
bod}' temperature for four weeks. The result is shown in figure .'i. Although 
the magnification is only 10 diameters, the radial crystalline structure character- 
istic of the natural stones is clearly revealed. Figure 4 is a section of the prepa- 
ration shown in figure 3, magnified 70 times. O'he higher magnification shows 
in a striking way how a coherent body is obtained as a result of the laying down 
of an interlacing mass of nccdlc-likc crystals. 

In the light of the foregoing series of experiments, the mechanism of the 
formation of cholesterol stones in the absence of an inflammation due to infection 
is believed to be as follows : 

In biliary stasis resulting from anatomic or physiologic abnormalities,’-’ the 
bile collects and concentrates in the gallbladder where it may remain for a long 
period. During this period of sta.sis there m.ay be an infiltration of cholesterol 
from hypercholcsterolated blood and a decrca.se in the amount of the alkali 
cholates which are responsible for retaining the fat in the form of an emulsion 
as well as the cholesterol in the dispersed .state. In the absence of infection, a 
decrease in the alkali cholates may result from either or both of the following 
causes; (1) a change in the /ur of the bile from the alkaline to the acid side 
thereby converting the alkali salt to the insoluble glycocholic acid which is neither 
an emulsifying agent for fat nor a peptizing agent for cholesterol; or (2) a 
physiologic change in the wall of the gallbladder which allows resorption of the 
alkali cholates. 

There is no doubt that the first factor mentioned will contribute to the 
precipitation of cholesterol, since bile from the gallbladder is normally acid while 
that from the hepatic duct is alkaline. This normal change in pn value is probably 
accentuated in biliary stasis. 

In the normal gallbladder there is little or no resorption of alkali cholates. 
Since pure cholesterol stones are found in gallbladders that show no signs of 
inflammation, past or present, it follows that any resorption of cholates that 
leads to the formation of a pure cholesterol stone must result from a physiologic 
derangement that does not produce histologic changes. Clinical irritation that is 
not sufficiently severe to leave a permanent change in the tissue may be a con- 
tributing factor. Thus a reflux of pancreatic juice into the gallbladder causes 


13. Aschoff,” p. 194. 






U'EISER-GRA Y— CHOLESTEROL GALLSTOXES 


9 


cholecystitis and results in marked absorption of cliolates.^’* The injection of 
bacteria produces a similar effect, but this changes the whole picture, causing 
lesions and leading to a different type of stone. 

The disappearance of alkali cholate, cither by conversion to glycocholic acid 
or by resorption, causes precipitation of cholesterol. 1 his is, of course, most 
marked in highly hypercholcsterolatcd bile. The c.'^ecss cholesterol collects around 
the fat droplets which tend to coalesce as the cholate is gradually removed. 
Clumps of fat interspersed with cholesterol result, and the process of solution 
of the finely divided particles and subsequent rcprecipitation in large needle-like 
crystals binds the mass together. The continuation of this process for a long 
period leads eventually to the concrement which consists of relatively large 
crystals of cholesterol together with a small amount of enclosed fat. 

Particular attention should be called to the imiwrtancc of fat in the synthesis 
of pure cholesterol stones. Xot only does it serve as a collecting agent which 
brings together the particles of precipitated cholesterol but its solvent action is 
responsible for the growth of the interlacing crystals which bind the mass into a 
concrement. 

SCM M.XRY 

The results of this investigation may he summarized as follows : 

1. Precipitation of cholesterol in the gallhlackler is in it.self alto- 
gether inadequate to account for the formation of pttre cholesterol 
concretions. 

2. Experimental ohservations have been made which furnish the 
basis of a mechanism to account for the formation of such concre- 
tions during biliary stasis resulting from anatomic or physiologic 
abnormalities. 

3. By the proposed mechanism, gallstones have been synthesized 
which simulate the natural concretions in both macroscopic and micro- 
scopic appearance and in properties. 

4. Particular attention has been called to the importance of fat in 
the formation of pure cholesterol concretions, both as a collecting agent 
for the minute particles of precipitated cholesterol and as a solvent which 
is responsible for the growth of interlacing crystals into a concrement. 

14. \\ olfer, J. -A.: Surg.. Gynec. &: Obst. 53:443. 1931. Andrews, Dostal, 
Goff and Hrdina.^- 



HISTOLOGIC OBSERVATIONS IN A CASE OF OLD 
GUNSHOT WOUND OF THE BRAIN 


CYRIL B. COURVILLE, M.D. 

AND 

T. S. KIMBALL, M.D. 

LOS ANGELES 

The opportunity to study the pathologic aspects of an ancient trau- 
matic lesion of the brain is not frequently afforded one, even though 
an abundance of neuropathologic material is available for stud3L It is 
perhaps for this reason that so little is known about the ultimate appear- 
ance and structure of this type of lesion. Aside from a revelation of 
the behavior of the individual elements after so long an interval, a more 
comprehensive conception of the life history of cerebral wounds is to be 
gained from a critical histologic study of such cases when the}' do come 
to hand. 

The case here considered is of interest from the standpoint of its 
twenty-two years’ duration, the minimal damage to the skull and dura 
and the comparative!}' uncomplicated character of the lesion produced 
by a bullet of small caliber. It was anticipated that an entirely quiescent 
lesion would be found histologically after this long interval. The indi- 
cations of long-continued cellular activity and observations which sug- 
gested the fate of the various elements made it seem worth while to 
report the case. 

REPORT OF CASE 

A Mexican laborer, aged 57, died of lobar pneumonia six daj's after admission 
to the Los Angeles County General Hospital. Twenty-two years before he had 
been accidentally shot in the head while hunting and had remained unconscious 
for three weeks thereafter. Examination revealed a depression in the skull in the 
upper left parietal region close to the midline. There were characteristic mani- 
festations of a lesion of the left upper motor neuron — spasticity of the extremities 
on the right side, atrophy from disuse, hyperactive deep reflexes in these members 
and pathologic responses of the toes. 

Autopsy was performed seven hours post mortem by one of us (T. S. K.). The 
original defect in the skull had been closed by tbe formation of new bone, apparently 
derived from the inner table. There still remained a depression in the outer table. 
The dura was adherent to the bone at this point. There were no adhesions between 
the dura and the brain. In the upper part of the left precentral g 3 Tus, at the point 
of entrance of the bullet, there was found an angular hollowed defect in the cortex 

From the Departments of Neurolog\' and Pathologj', College of Iiledical 
Evangelists. 
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measuring 2.2 by l.S cm. in surface cxtenl and about 0.5 cm. in depth. The pia- 
arachnoid appeared to i)e continuous with a thin yellowish membrane which lined 
the defect. A somewhat distorted 22 caliber bullet was found lodged in a conical 
cavity in the third right temporal convolution just iu front of the preoccipital notch. 
This defect measured 0.7 by 1 cm. in its surface diameters. 

The brain was sectioned along the course of the bullet to c.xpose as much as 
possible of its track (fig. 1). The bullet, having entered the upper portion of the 
left precentral gyrus, had emerged from the corte.s. of the posterior portion of the 
left cingulate gyrus, penetrated the corpus callosum at the ])oint of union of this 
structure with the crurae of the fornix, passed through the right lateral ventricle 
at the juncture of the body, posterior and inferior liorns, and penetrated the sub- 
stance of the right temporal lobe at this surface, where it was found on external 
examination. 



Fig. 1. — Section of the brain along the course of the bullet. The depression 
in the cortex at the missile’s point of entrance, the subjacent multilocular cyst, the 
depression in the atrophied corpus callosum, the adherent choroid jilexus and the 
cavity of final lodgment of the bullet are indicated. The insert shows the line of 
section. 

At the point of entrance of the bullet, surrounding the depression were found 
multiple small cystic spaces occupying almost the entire centrum above the corpus 
callosum. These small spaces had evidently been filled with fluid in the recent 
state. The intervening walls and lining of the spaces were golden yellow. This 
extensive lesion was probably the result of indriven fragments and hemorrhage, 
in addition to the wound made by the bullet. The corpus callosum rvas atrophied, 
and the point of entrance of the bullet was marked in this situation by a depression 
in its upper surface. The choroid plexus was still adherent at the point of exit 
of the bullet from the ventricle. The cavity in the left temporal lobe in which 
the bullet was found was conical, with its apex at the ventricle wall and the base 
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at the surface of the brain. The base of the left cerebral peduncle, the left side 
of the pons and the pyramid were smaller than the right, owing to secondary 
degeneration of the motor fibers. 

HISTOLOGIC OBSERVATIONS 

Blocks of tissues were taken from the cystic area below the wound of entrance, 
from the cortex along the dorsomesial margin of the hemisphere above the defect, 
from the corpus callosum at the point of its penetration by the bullet, from the 
point of adhesion of the choroid plexus to the ventricular wall and from the walls 
of the cavity in which the missile had finally lodged. Tissue sections from these 
blocks were stained or impregnated with hematoxylin and eosin, scarlet red, phos- 
photungstic acid hematoxylin, the cyanine method for tigroid substance, the 
Courville-Krajian method for mj^elin sheaths, Krajian’s silver impregnation method 
for reticulin, Cajal’s gold chloride method for neuroglia, the reduced silver method 
for axis cylinders and Penfield’s combined method for oligodendroglia and micro- 
glia. 

Alterations in the Nerve Cells. — In all of the sections studied, the nerve cells, 
regardless of position, showed a general loss of tigroid substance. In view of the 
fact that the patient died of lobar pneumonia, this is only of incidental significance. 
The reduced silver method showed an intact fibrillar apparatus in the nerve cells 
at a distance, but in those adjacent to the injurj’^, this structure was found to be 
undergoing regressive change or was absent altogether. In a portion of cortex 
cut off by the track of the bullet, the nerve cells were morphologically intact, 
but their fibrillar apparatus was found to be granular. In a limited portion of 
cortex which formed the dorsal border of the hemisphere, separated from the 
centrum b}’’ the multilocular cavity, the nerve cells were entirely absent. 

In a small residual fragment of cortex subjacent to the wound of entrance and 
separated from the underlying white substance by extensive destructive change, 
the normal structures were entirely replaced by a loose vascular connective tissue 
reticulum. In the superficial portion of the opposed cortex, there was a zone of 
vascular connective tissue which replaced all other elements. The nerve cells in 
the deeper layers appeared distorted and sclerotic. 

In the cortex adjoining the cavity containing the bullet, cyanine preparations 
revealed the nerve cells to be only faintly outlined, tigroid granules being entirely 
absent from their cytoplasm (fig. 2Aj^ Some of the cells contained localized 
collections of pigment. The reduced silver preparations revealed a variable degree 
of granular disintegration of the neurofibrillar apparatus. Occasional pyknotic or 
“sclerosed” cells with their characteristic corkscrew apical processes were observed 
near the margin of the defect. Rarely a deeply impregnated, distorted form was 
found, the scarred remains of a ganglion cell (fig. 2B). 

Alterations in the Nerve Fibers. — The nerve fibers separated from their nerve 
cells had long since disappeared, so that it was impossible to trace the course 
of degenerated bundles such as the motor pathway. The white substance somewhat 
removed from the immediate zone of injury appeared homogeneous, and individual 
fibers revealed no evidence of injury. In the myelin sheath preparations, as the 
margin of the bullet track was approached, the nerve fibers became fewer and 
more altered. Individual fibers were found to be altered by the formation of 
globular or fusiform swellings of various sizes, characteristic of fibers undergoing 
regressive change (fig. 2C). At times these swellings occupied the termination 
of the demonstrable sheath. Rarely an additional unstained portion could be dis- 
cerned under reduced light, extending toward the margin of the defect. The 
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terminal portion was freciuently found to be paler than usual, at times fragmented 
or segmented, and often of smaller caliber than the rest of the fiber. Ihis terminal 
segment was frequently broken off sharplj', with a resulting squared end, oi 
presented an irregular, pale, expanded portion varying in sire (fig. 3). 

The changes in the axis cylinders were equally interesting. In the zone of 
degeneration these structures wore found to be undergoing granular, fragmentary' 
or “burnt string” degeneration. In expanded regions, which corresponded with 
the myelin swellings, were found local dispersions of the argentophilic material 
in the form of rings, irregular aggregations or complex masses. The impression 
given by these collections was that in the process of regressive change the myelin 
sw'elhngs had distorted the arrangement of the rows of argentophilic granules 



F'g. 3 — Changes m the nerve elements. A shows ghost cells at the margin 
of the cavity in wdiich the bidlet was lodged. Cyanine stain for tigroid substance ; 
X 360. B show's degenerated nerve cells from the same location. A sclerosed and 
vacuolated cell is show'n in the upper left corner. Cajal’s reduced silver method; 
X 360. C illustrates degenerating myelin sheaths from the same situation. Cour- 
ville-Krajian method; X 120. 

representing the remains of the a.xis cydinder. When occurring at the end of a 
degenerating fiber, these structures gave rise to appearances of “pseudo end- 
bulbs.” 

End-bulbs wdiich are know'ii to persist for months or even years after the 
injury of the brain w-ere not observed except in a very modified form. At the 
termination of the fine axis-cylinders w'as found a small irregular expanded portion, 
a spear head, a fine hairlike filament or a clump of granules. At times a row' of 
rounded fragments gave the fiber a barred or beaded appearance. The accom- 
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panying drawing illustrates a number of these terminations of axis-cylinders 
(fig. 4). In a portion of cortex isolated from the white centrum by local cysts, 
the axis-cylinders of the morphologically preserved nerve cells were found to 
terminate a short distance below the cell in a sharp point, a late “corrosion point.” 

Progress of P/ioc/ocytoj/^.— Substantiating these indications of a long-continued 
degeneration in the nerve fibers, evidences of active phagocytosis of the products 
of regressive changes were to be seen. Specific stains revealed globules of free 
fat in wandering macrophages in the zone of degeneration, especially in the peri- 
vascular spaces. The endothelial cells of the blood vessels likewise contained fat. 



Fig. 3. — Alterations in the m 3 "elin sheaths. A shows the modes of termination 
of the fibers extending into the margin of the defect. The arrows indicate frac- 
tures in the sheath, possibly artefacts. B shows the detail of the globular swellings 
of the myelin sheaths. Drawn from a Courville-Krajian myelin sheath preparation. 

The reduced silver method revealed granules of argentophilic material in free 
macrophages and, often in larger amounts, in the vascular endothelium. 

Of particular interest in this connection was the reaction of the microglia in 
the cortex adjacent to the track of the bullet. These cells were found to be 
undergoing morphologic alteration recognized to be transitional in the formation 
of compound granular corpuscles. Most of the cells were in the first stage, but 
some had reached the “spider cell stage,” and rarely an ameboid cell ^ was found 
in the reticular portion of the degenerated area. 

1. Rand, C. W., and Courville, C. B. : Arch. Neurol. & Psychiat. 27:605, 
1932. 
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Oi unknown significance was the occurrence in a reticular area ot phagocytes 
laden with golden yellow pigment. These niacfophagcs were found singly or in 
numbers, most abundant in the region of the blood vessels. 

Eridcnccs of Atfcmfts of Repair . — The repair of wounds of the 
brain is the result of a variable reaction ott the part of the astrovascular 
svstem. with additional connective tissue proliferation from the 
meninges, particularly the dura. The wide variation in the types of 
reaction observed depends on the character oi the lesion. 



Fig. 4. — Alterations in the axis cylinders. A shows the types of terminations 
of tlie fibers extending into the marginal zone about the defect. B shows degen- 
erating axis cylinders, illustrating the effect on the granule arrangement of the 
myelin swellings. Free rings and balls are also shown. Drawn from a Cajal 
reduced silver preparation. 

Cpiiucctivc Tissue . — This tissue was found to be fairly abundant in the lower 
part of the wound of entrance and practically entirely absent elsewhere. As there 
was no adhesion between the brain and the dura, the connective tissue must of 
necessiW have some other origin. It is likely that at the time of injun.- fragments 
of bone and dura were carried into the brain, resulting in serious local laceration. 
The degenerating brain tissue, and the presence of foreign bodies, togetlier with 
extensive pial injun,-. evidently favored the development of a modified connective 
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tissue scar. The upper portion of the wound of entrance, composed of a multi- 
locular cyst, was perhaps the site of an original local hemorrhage, which did not 
favor the deposit of connective tissue at its margins The tissue about the cavity 
in the right temporal lobe in which the bullet was lodged gave no evidence of the 
formation of connective tissue. 

One rather unusual feature of the connective tissue reaction was its replacement 
of the parenchymatous elements in the residual small fragments of cortex overlying 
injured white substance. When extensive scar formation had replaced the injured 
white matter, this replacement had been quite complete. Otherwise, this vascular 
reticulum was rather superficial and apparently continuous with the pia mater 
(fig. 5 A and B). 



Fig. 5 — Vascular scar in the cortex. A shows complete replacement of the 
cortex by a network of blood vessels over an e.xtensively injured white substance 
B shows a narrow superficial vascular scar on the cortex on the opposite side of 
the sulcus from A. The underlying white substance is less seriously injured 
Krajian’s method for reticulum; X 100. 

There was but one situation in which a combined fibro-astral cicatrix had been 
formed, in the lower margin of the cavitation found beneath the wound of 
entrance. Here was found a fairly dense scar composed of fibers arranged m 
parallel bundles and running at right angles to the free margin of the wound. 
Extending into the adjacent brain tissue was a network of blood vessels. In the 
deeper portions of the scar the bundles of connective tissue fibers became inter- 
mingled with those of neuroglial origin (fig. 6). 

Neuroglia. — The reaction of the neuroglia in the rarious situations along the 
track of the bullet was also of interest In the denser scar, as has already been 
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intimated, the neuroglia fibers were intermingled with the connective tissue fibers 
to form closely packed fasciculi. The cell bodies of the astrocytes were elongated 
and lay in the bundles of hairlike fibrils. These fibers were evidently comple- 
mentary to the connective tissue fibers, for they became less abundant in the 
superficial connective tissue portion of the scar. 

In the areas which had a more reticular appearance, surrounding the more 
dense central cicatrix, a more typical glial scar was found. The neuroglia formed 
a fairly uniformly meshed network, the fibrils forming the intervening strands 
while the nuclei were lodged in the interstices of the mesh. 



Fig 6 — Composition of fibro-astral scar. A shows neuroglial and fibroglial 
fibers arranged in bundles. Phosphotungstic acid hematoxylin ; X 160 B shows 
parallel strands of reticulin in the superficial portion of the wound. Krajian’s 
method for reticulin ; X 160 C shows piloidal astrocytes of Penfield, with parallel 
fibrils in the deeper portion of the scar. Reduced silver method ; X 160 

In still other areas where the margin of the wound was more sharply defined 
and the adjacent tissue appeared solid well up to its borders, there was little or 
no neuroglial reaction This was especially true along the upper margins of the 
cysthke spaces at the wound of entrance and about the cavity in which the bullet 
finally lodged This variation was probably due to the amount of tissue destruc- 
tion, the presence of decadent tissue encouraging the proliferation of neuroglia 



18 


ARCHIVES OF PATHOLOGY 


COMMENT 

It is natural to assume at the outset that a wound of the brain 
would ultimatel}^ become quiescent, as is the case with Avounds of other 
tissues. This study seems to indicate that this is not the case, for after 
an mtei-ATal of twenty-two years, the processes of disintegration, of 
phagocytosis and probably also of repair were still taking place. Seri- 
ously damaged nerve cells had maintained their morphologic identity 
throughout this long interval. The peculiarities of cicatrix formation 
and the significance of disintegrative changes in the nerve fibers and of 
pigment deposit merit consideration. 

The histologic changes about the wound of entrance seem to confirm 
Penfield s postulates as to the mode of formation and the constituents 
of a cerebral cicatrix. Where there has been extensive destruction of 
tissue in close proximity to the pia mater and especially where the dura 
has been injured, a marked connective tissue and neuroglial proliferation 
results. An intermingling of fibers of both sources forms heavy 
fasciculi Avhich run at right angles to tire margin of the wound. This 
appearance in the phosphotungstic acid preparations suggests some alter- 
nation and intertwining of the bundles of connective tissue and neuroglia 
fibers, resembling a coarse, irregularly woven material. The superficial 
position of the connective tissue and the deeper situation of the pro- 
liferating neuroglia answer the description of old wounds of the brain 
as given by Penfield - and by Foerster and Penfield.® The characteristic 
fusiform shape of the astrocytes and the arrangement of their fibers 
indicate their identity with the piloidal astrocytes of Penfield.^ 

In a study of the neuroglial reaction at the margins of recent 
Avounds of the brain ® there Avas found a peculiar reticular netAvork of 
tissue in the interstices of Avhich small hyperchromatic nuclei Avere 
observed. The nature of the tissue forming this mesh could not then be 
definitely established for it Avas not demonstrated in specific prepara- 
tions. From the appearance of the characteristic astrocytic netAvork of 
similar arrangement in a case Avith this long period of surAUA^al, it seems 
likely that the original structure AA^as of neuroglial origin. One AAmnders 
Avhether the original structure Avas due to actiA^e regressive changes in 
the neuroglia consequent to the injury, or AAdiether it Avas the remains 
of neuroglial syncytium the existence of AAduch has been so long debated. 


2. Penfield, Wilder: Brain 50:499, 1927. 

3. Foerster, O., and Penfield, W.: Brain 53:99, 1930. 

4. Penfield, Wilder: Neuroglia, Normal and Pathological, in Penfield, W.: 
Cytology and Cellular Pathology of the Nervous System, New York, Paul B. 

Hoeber, Inc., 1932, vol. 2, p. 455. „ , i c n i,- t 97-1 ASS 

5. Rand, C. W., and Courville, C. B.: Arch. Neurol. & Psychiat. 27:1355, 

1932. 
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'rhe occurrence of end-bulbs on the severed ends of nerve fibers was 
first described in detail by Cajal in a group of studies of experimental 
injuries of the brain/’ These end-bulbs, recognized to be the result of 
regressive change rather than abortive attempts at repair, are found 
within a few hours after the injury, and those on the central end of the 
fiber may persist for months or even years. In the case under con- 
sideration. after an interval of twenty-two years, characteristic end-bulbs 
were not found. At the termination of the finer fibers, small irregular 
and at times somewhat complex expansions were observed under higher 
magnifications. The terminal portions of the larger fibers were slowly 
undergoing granular degeneration, and no end-bulbs of any sort wore 
found. It is of interest to note in this connection that the fine fibers have 
been the first to reveal evidence of the formation of end-bulbs (within 
three hours of injury) and have been able to maintain their integrity 
closer to the margin of the wound. Thev are here discovered to retain 
still a residual terminal expansion, presumably a considerably modified 
ond-hulh. This late form is probably tlic result of a long-continued, 
gradual degeneration of the original structure. 

From a study of the nerve cells in the isolated cortex along the dorsal 
margin of the hemisphere, it has been possible to learn the fate of end- 
bulbs formed at the ends of fibers sectioned close to their cells of origin. 
In Cajal's experimental injuries of the brain, fibers sectioned in the sub- 
cortical white matter or in the deejier portions of the corte.x underwent 
degenerative change in a retrograde direction to the last collateral where 
a residual end-bulb was formed. I have observed end-bulbs in this 
situation in the brain of a ]Datient who survived a serious injury of the 
head for from six to seven months, so they may persist for at least this 
interval. After this there evidently takes place a slowl}' progressive 
disintegration of the residual segment of axon, for in the case at hand a 
short stub terminated just below the cell of origin in a “late corrosion 
point. ’ The nerve cells in these instances retained their morphologic 
identity although no tigroid material could he identified in their cyto- 
plasm, and their neurofibrillar apparatus had undergone granular 
disintegration. 

A study of Cajal's experimental work leads one to believe that the 
end-bulbs and varicosities of the axis cylinders are coincidental with the 
myelin swellings. In a study of nerve fibers in recent injury of 
the human brain, at least one essential difference has been observed. 
Numerous myelin swellings of A'ariable size and irregular distribution 
have been observed along the course of a nerve fiber in which no end- 
bulbs or varicosities were found to exist. Similarly, in consecutive 

6. Ramon y Cajal, S.: Trab. cl. lab. dc invest, biol., Univ. de Madrid 9:1, 
39, 181 and 217, 1911. 
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sections stained by specific methods for myelin and for axis cylinders, 
in areas where end-bulbs were frequent, no myelin swellings were 
observed. In the case here considered, after such a long interval between 
the injury and death, characteristic myelin swellings were still present, 
while the end-bulbs and varicosities had disappeared. It seems that the 
swellings in the myelin sheaths occurred primarily, presumably evidence 
of a degenerative change in this structure, and that such swellings 
exerted a distorting influence on the rows of granules resulting from a 
breaking up of the axis cylinder. 

There exists in the larger fibers a long segment of degeneration, 
found extending for some distance from the margin of the wound. In 
this zone both the m3''elin sheath and the axis cylinder were affected. 
This segment might well be designated as tbe “segment of late disinte- 
gration.” It stands out in contrast to the finer fibers which still main- 
tain their identit}^ well up to the margin of the wound. 

The significance of the 3^ellowish-orange pigment contained in the 
macrophages scattered throughout the reticular tissue or agglutinated 
about the blood vessels is not entii'el3^ clear. In recent injuries their 
3^ellow color appears to be due to the presence of pigment resulting 
from the disintegration of red cells in the areas of local hemorrhage. 
While possible, it is difficult to conceive that pigment from such a source 
could persist for so long a time. Whether it is due to a continual process 
of disintegration of red cells or whether it is derived from some other 
source could not be ascertained. 

SUMMARY AND CONCLUSIONS 

IMorphologically, crippled nerve cells may persist in the margins 
of wounds of the brain for 1113113^ 3'-ears. Nerve cells 1033% and usually 
do, persist in areas of cortex isolated by laceration or hemorrhage. 

Even after a prolonged interval the larger nerve fibers continue to 
undergo regressive change at the margin of the wounds of the brain. 
Both the m3'elin sheaths and the axis C3dinders are involved in this 
process of disintegration. 

Characteristic end-bulbs were not observed in the case reported after 
an interval of twenty-two 3^ears. The finer fibers terminated in small 
filaments, spear-shaped or flame-shaped endings. When the corticifugal 
axis cylinders were cut off just below the cortex, the proximal portion 
had degenerated to within a few microns of the peisisting neive cell 
where it terminated in a late corrosion point. 

Evidences of a persistent degenerative change were further indicated 
by the occurrence of free fat, yellow pigment and argentophilic material 
in wandering macrophages and the walls of the blood vessels, and b3^ 
characteristic morphologic changes in the microglia in the adjacent 

cortex. 
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A solid cicatrix was not observed. In an area subjacent to the 
wound of entrance a combined connective tissue and neuroglial scar 
was found in which piloidal astrocytes played a conspicuous role. Else- 
where the neuroglial reaction was minimal and the connective tissue 
reaction entirely absent. 

One peculiar behavior of connective tissue was its complete or 
incomplete replacement of the parenchymatous and interstitial elements 
in small portions of residual cortex over severely injured white substance. 

The reticular tissue, observed in other instances within a few da\’s 
after injury, ultimately comes to be formed of neuroglial elements, as 
indicated in the case under consideration. 
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sections stained by specific methods for myelin and for axis cylinders, 
in areas where end-bulbs were frequent, no myelin swellings were 
observed. In the case here considered, after such a long interval bet^^een 
the injuiy and death, characteristic myelin swellings were still present, 
while the end-bulbs and varicosities had disappeared. It seems that the 
swellings in the myelin sheaths occurred primarily, presumably evidence 
of a degenerative change in this structure, and that such swellings 
exerted a distorting influence on the rows of granules resulting from a 
breaking up of the axis cylinder. 

There exists in the larger fibers a long segment of degeneration, 
found extending for some distance from the margin of the wound. In 
this zone both the myelin sheath and the axis cylinder were affected. 
This segment might well be designated as the “segment of late disinte- 
gration.’’ It stands out in contrast to the finer fibers which still main- 
tain their identit}^ well up to the margin of the wound. 

The significance of the 3'^ellowish-orange pigment contained in the 
macrophages scattered throughout the reticular tissue or agglutinated 
about the blood vessels is not entii'ely clear. In recent injuries their 
yellow color appears to be due to the presence of pigment resulting 
from the disintegration of red cells in the areas of local hemorrhage. 
While possible, it is difficult to conceive that pigment from such a source 
could persist for so long a time. Whether it is due to a continual process 
of disintegration of red cells or whether it is derived from some other 
source could not be ascertained. 

SUMMARY AND CONCLUSIONS 

^Morphologically, crippled nerr^e cells may persist in the margins 
of wounds of the brain for many years. Nerve cells may, and usuall}- 
do, persist in areas of cortex isolated by laceration or hemorrhage. 

Even after a prolonged interval the larger nerve fibers continue to 
undergo regressive change at the margin of the wounds of the brain. 
Both the myelin sheaths and the axis cylinders are involved in this 
process of disintegration. 

Characteristic end-bulbs were not observed in the case leported aftei 
an interval of twenty-two ^'’eai's. The finer fibers terminated in small 
filaments, spear-shaped or flame-shaped endings. When the corticifugal 
axis C3dinders were cut off just below the cortex, the proximal portion 
had degenerated to within a few microns of the persisting nerve cell 
where it terminated in a late corrosion point. 

Evidences of a persistent degenerative change were further indicated 
by the occurrence of free fat, yelloAV pigment and argentophilic material 
in wandering macrophages and the walls of the blood vessels, and by 
characteristic morphologic changes in the microglia in the adjacent 
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A solid cicatrix was not observed. In an area sul^jacent to the 
wound of entrance a combined connective tissue and neuroglial scar 
was found in which piloidal astrocytes played a consjiicuous role. Else- 
where the neuroglial reaction was minimal and the connective tissue 
reaction entirely absent. 

One peculiar behavior of connective tissue was its complete or 
incomplete replacement of the parenchymatous and interstitial elements 
in small portions of residual cortex over severely injured white substance. 

The reticular tissue, observed in other instances within a few days 
after injury, ultimately comes to be formed of neuroglial elements, as 
indicated in the case under consideration. 
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Several theories have lieen proposed to explain the action of vita- 
min D and of the parath3a'oid hormone on the calcium metabolism. 
The problem is complicated b}'^ the many seemingly paradoxic phe- 
nomena which occur when the substances are administered in different 
dosages. A simple example illustrates this point, namely, the ability 
of small amounts of vitamin D to imj^rove the calcification of bone, 
whereas enormous doses not onl}' cause a removal of calcium from the 
skeleton but institute pathologic calcifications in the soft tissues. It is 
thought that experiments utilizing' single doses of these substances offer 
distinctive opportunities for the investigation of their action, and in this 
connection both Laas ^ and Ham reported that there is a latent period 
before the onset of pathologic calcifications when vitamin D is admin- 
istered in single massive doses. Ham and Portuondo ® found that the 
develoiiment of the pathologic calcifications was associated with the fall 
of the serum calcium level after hjqiercalcemia had been attained. The}^ 
suggested that the calcifications were caused by the inabilit}'- of the 
serum to hold in simple solution all the calcium released from the solu- 
tion maintained by the parathyroid hormone when the effect of the latter 
had begun to diminish. 

This theory of the mechanism of calcification in hypervitaminosis D 
depends on the acceptance of the hypothesis which pertains to the ability 
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The chemical phase of this work was prepared and written by Arthur W. 
Ham, the histologic phase by Isaac Schour. 

1. Laas, E.: Virchows Arch. f. path. Anat. 278:346, 1930. 

Ham A W., (a) in Cowdry, E. V.: Special Cytolog}^ ed. 2, New York, 
Paul B. Hoeber, Inc., 1932; (b) Arch. Path. 14:613, 1932; CD Angle Ortho- 
dontist 2:142, 1932. 

3. Ham, A. W., and Portuondo, B. C. : Arch. Path. 16:1, 1933. 
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of vitamin D to increase the amount or activity of the parathyroid 
hormone in the circulation so that this hormone in turn attracts calcium 
from the various tissues of the body, particularly, the bones and intes- 
tine. Thus the hypercalcemia which develops would be caused to a 
lar^^e extent bv the increase in the amount of the fraction of the serum 
calcium controlled by the parathyroid hormone. If this theor}’- is correct, 
there would be less calcium available for the process of normal calcifi- 
cation in the body during the rise in the serum calcium level following 
the administration of a massive dose of vitamin D. because the shift 
in calcium during the rise in the serum calcium level would be from 
the tissues toward the blood. If, on the other hand, any of the various 
other theories regarding the action of vitamin D is correct, such as its 
sujJposed ability to act on the intestinal epithelium so as to allow a 
greater absorption of calcium, or to increase the ionization of calcium, 
there is good reason to believe that the process of nonnal calcification 
would undergo no change except possible improvement during the rise 
in the serum calcium level. This study is concerned with the investi- 
gation of the process of normal calcification during the rise and fall of 
the serum calcium level which ensues following the administration of 
single doses of either vitamin D or the parathyroid hormone. Rats 
were used for the experiments, and the histologic studies were made on 
the dentin of the growing incisor. Erdheim justly compared the 
sensitivity of this tissue to the drum of a kymograph. It grows con- 
tinually and rapidly enough to otter definite areas as indexes of the 
process of calcification on separate days and consequent!}- appears to be 
a unique tissue for this type of study. 


M.-\TERI.‘\L .-VXD METHODS 

This study was based on three series of experiments. 

Series C consisted of eight white rats, weighing about 110 Gm., which received 
one dose of 0.75 cc. of ergosterol 10,000 X- The series included two rats which were 
killed at the beginning of the experiment. The remaining animals were killed at 
intervals of twenty-four, forty-eight and sevent 3 --two hours following the adminis- 
tration of one dose (table 1). 

Series Z consisted of twenW-nine adult male white rats which received one 
dose of 0.5 cc. of ergosterol 10,000 X- The series included four rats which were 
killed at the beginning of the experiment. The remaining animals were killed at 
intervals of sixteen, twenty-four, fortj’’, forty-eight, sixtj'-four, sevenW-two, nineW- 
six and one hundred and thirteen hours following the administration of one dose 
(table 2). 

Series Pa consisted of eight white rats, weighing about 165 Gm., which received 
one dose of 40 units of parathj-roid extract-Collip bj- subcutaneous injection into 
the back. The series included two rats which were killed at the beginning of the 

4. Erdheim: (a) Frankfurt. Ztschr. f. Path. 7:295, 1911; (b) ibid., p. 175: 
(c) ibid., p. 238. 
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Table Y-Scrum Calcium of Eight Rats That Received One Dose of 0.75 Ce of 

Ergosterol 10,000 X 


Eat 

1 

Hours After Oral 
Administration 

Serum Calcium 
in Mg. per 100 Cc. 
of Serum 

f>. 


10.30 

3 


10.30 

4 


lO.OS 

5 


13.06 

6 


17.41 

8 


16.32 

9 


14.70 




Table 2. — Scrum 

Calcium of Twenty-Nit, c Adult Male Rats That Received One 
Dose of 0.5 Cc. of Ergosterol 10,000 X 

Eat 

Hours After Oral 
Administration 

Serum Calcium 
in Mg. per 100 Cc. 
of Serum 


j 


s. 

4. 

C, 

7. 

8 . 
9. 
10 . 
11 . 
12 . 

13. 

14. 

15. 
30 . 
17. 
IS. 

w. 

20 . 

21 . 

22 . 

23. 

24. 

25. 

20 . 

27. 

28. 

29. 

30. 


0 

0 

0 

0 

10 

16 

24 

24 

24 

40 

40 

40 

4S 

4S 

4S 

64 

64 

04 

72 

72 

72 

90 

90 

90 

96 

113 

113 

113 

113 


9.80 

9.60 

10.61 

10.94 

11.02 

12.96 
12.16 
13.68 
13.30 
13.02 

13.02 
13.65 

18.02 
15.S4 

15.96 
14.91 
15.12 
14.70 
16.33 
17.07 
12.23 
U.55 
10.14 
12.02 

12.41 
13.79 
13.09 
12.9S 

14.41 


Table 3.— Scrum Calcium of Eight Rats That Received One Dose of 40 Units of 

Par at] tyro id Extract-CoUip 


• ■ ■■■ - — — 

Hours After 

Serum Calcium 


Subcutaneous 

in Mg. per 100 Cc. 

Eat 

Injection 

of Serum 


0 

9.SS0 

0 

. . 0 

9.710 

^ 

IS 

13.390 

0 

66 

lO.SSO 



60 

10.490 


94 

10.810 


94 

10.600 


110 

10.815 
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experiment. The remaining animals were killed at intervals of eighteen, si.xty-si.x, 
ninety-four and one hundred and si.xtcen hours following the administration of one 
dose (table 3). 

The animals were fed on the stock laboratory diet. A blood calcium analysis 
was made of each animal at the time of death (tables 1, 2 and 3) by the Collip 
and Clark modification of the Tisdall-Kramcr method. 

A histologic study was made of one or two incisors of each animal. These 
teeth with their investing tissues were fixed in a 5 per cent solution of formalde- 
hyde immediately after the animal was killed. Roentgenograms were then taken, 
and the teeth were washed, decalcified in 5 per cent nitric acid, dehydrated, embed- 
ded in pyroxylin (celloidin) and stained with hematoxylin and cosin. The sections 
were cut longitudinally or transversely and mounted in serial order. Longitudinal 
and transverse ground sections were made of some of the teeth of the animals in 
series C and Pa. 

CHEMICAL El A' DINGS 

Series C. — In the control animals the blood calcium was normal 
(10.3 mg. per hundred cubic centimeters o£ serum). In the e.xpcri- 
mental animals the blood calcium I'osc to 17.41 mg. as the jiostoperativc 
period increased to forty-eight hours. It declined subsecjuently (table 1 ). 

Scries Z . — In the control animals the blood calcium was normal 
(from 9.8 to 10.94 mg. per hundred cubic centimeters of serum). In 
the experimental animals the serum calcium gradually rose to 1 7.07 mg. 
as the postoperative period increased to seventy-two hours (table 2). 

Scries Pa . — In the control animals the blood calcium was normal 
(9.71 and 9.88 mg. ]ier hundred cubic centimeters of serum). In the 
experimental animals the blood calcium rose to 13.39 mg. in the animal 
that lived eighteen hours after the injection. It declined toward nor- 
mal subsequently (table 3). 

HISTOLOGIC OBSERVATIONS 

Histology and Physiology of the Dentin of the N^ornial Rat Incisor. 

-Before presenting our histologic observations on the dentin of the 
experimental animals, we shall consider briefly the normal plH'siology 
and histology of the dentin in the incisor of the rat. 

The incisor of the rat is a tooth of continuous growth, and its weekly 
rate of eruption in the mature animal is about 2 mm. for the ujiper 
and about 2.8 mm. for the lower tooth. Its tissues including the dentin 
are, therefore, formed rapidly and in the mature animal are worn down 
just as rapidly at the incisal edge. The dentin grows by apposition at 
the pulpal surface in the form of layers which move anteriorly along the 
long axis of the tooth and are constantly replaced by similar layers. 

Thus, in the incisor of a rat killed at a given time, a given layer of 
dentin is situated next to the pulp or midway in the dentin substance or 
near the surface next to the enamel or cementum, depending on whether 
this stiipe of dentin was laid down approximately one, twenty or forty 
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da 3 'S before the death of the animal. The reason for this is that the 
incisor of the rat renews itself about every thirty-five to forty-five 
days. Marshall" found that in the mature rat the dentin grew 10 
microns in twenty-four hours. 

The matrix of the dentin is calcified in the form of globules that are 
normally small and numerous and so close together that uniformly 
calcified tissue results. But even in normal dentin the successive layers 
aie not equally well calcified. Well calcified layers alternate more or 
less legularly and rhythmically with imperfectl}' calcified lavers, so that 
there arises a stratification in the dentin, especially toward the incisal 
edge (Schour®). There is a distinct smooth boundary between the 
still uncalcified matrix that was laid down last, called predentin, and the 
calcified matrix of the dentin (fig. 1). 

HISTOPATHOLOGY OF THE DENTIN OF THE EXPERIMENTAL ANIMALS 

Scries C. — Significant changes Avere observed only in the dentin 
formed after the injection of ergosterol. Animals C 1 and C 2, which 
were controls, showed normal dentin (figs. 1 and 4). Animal C 3, 
which was killed twenty-four hours after the injection, showed an 
abnormal!}' wide la 3 'er of predentin and prominent interglobular spaces 
in tlie dentin that was calcified last, so that the boundaiy between the pre- 
dentin and the calcified dentin was irregular (figs. 2 and 3). On the 
other hand, animal C 6, which was killed forty-eight hours after the 
injection, shoAved a normal picture. Animals C8 and C 9, Avhich Avere 
killed seventy-tAVO hours after the injection, generally shoAved the folloAV- 
ing stripes in the dentin Avhen it Avas traced tOAvard the pulp : A, a 
stripe of dentin Avhich showed a normal reaction to the hematox3din and 
eosin stain and Avhich Avas situated in the part of the dentin that Avas 
laid doAvn before the injection; K, a layer of dentin AAdiich took a pre- 
dominatingly eosin stain; F, a la3^er of dentin Avhich took a deep hema- 
tox 3 -lin stain, and P, a layer of predentin Avhich Avas of approximately 
normal Aifidth (figs. 6 and 7). 

In some fields, however, animals C8 and C9 shoAved some inter- 
esting A'ai-iations and disturbances in this sequence in reference to stripes 
P and P. Thus, figure 12 shoAvs the more t 3 -pical arrangement, as 
indicated in figures 6 and 7, in the dentin on the left, but in the vertical 
border at the right the stripe F is much narroAver, so that stripe P is 
abnormally Avide. In figure 5 someAvhat similar reaction is apparent; 
stripe F is present in the form of onK’ a A'ei}'^ narroAA'" band, so the 

5. MarsRall : J. Dent. Research 3:241, 1921. 

6. Schour, I., in Cowdrj', E. : Special Cytology, ed. 2, New York, Paul B. 
Hoeber, Inc., 1932. 
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layer of predentin is wider than normal. Figure 4 shows a correspond- 
ing section in the control rat C 1. Figure 11 shows an abnormally wide 
layer of predentin (F). 

Series Z . — Significant changes were observed only in the dentin that 
was formed during the time that elapsed following the injection of 
ergosterol. 

Animals Z 1, 2, 3 and 4. which were controls, showed normal dentin, 

The changes in the experimental animals varied according to the 
length of postoperative life. 

Practically all the experimental animals of this series showed a stripe 
of light, eosin-staining dentin located in a j^osition corresponding with 
that of the matrix of the dentin which was laid down soon after the 
time of the injection. This stripe was more or less constant in width 
except in the most anterior portion of the teeth of the animals of longest 
postoperative life. In addition, in the animals that lived forty-eight 
hours or more after the injection, the eosin-staining strijie was followed 
pulpally by a stripe of deep hematoxylin-staining dentin that increased 
in width as the postoperative hours of life increased in number. 

Thus, figure 8. illustrating the formation of dentin in animal Z 15, 
which lived forty-eight hours after the injection, showed the following 
layers of dentin when they were traced toward the pul]:): A. normally 
staining dentin of i)reoperative history; R. a light stri])e in which eosin 
predominated, and F, a striiie in which hematoxylin predominated. In 
figure 9, which illustrates the dentin in animal Z 27, which was killed 
one hundred and thirteen hours after the injection, one finds a similar 
arrangement, except for layer F, which was considerably wider. 

Series Pa . — Significant changes were observed in the dentin formed 
after the injection of parathyroid extract-Collip. On the whole, the 
reaction of the dentin in this series was epfite similar to that in series C. 
Animals Pa 1 and Pa 2. which were controls, showed normal dentin. 

Animal Pa 3. which was killed eighteen hours after the injection, 
showed changes in the dentin formed last similar to those found in ani- 
mal C3 (figs. 2 and 3). Animal [’a 9. which was killed sixty-six hours 
after the injection, showed a normal jjicture similar to that of animal C 6. 
Animals Pa 10, 11, 12 and 13 showed the following orderly succession of 
stripes when they were traced toward the pulp : Al , dentin which 
showed a normal reaction to the hemato.xylin and eosin stain and which 
represents the dentin that was calcified before the injection: R, a layer 
of dentin Avhich took a light eosin stain of fairly constant width, about 
14 microns; F, a layer of dentin which took a deep hematoxylin stain 
and increased in width with an increase in the number of postoperative 
hours (about 40 microns in animal Pa 10 and about 70 microns in animal 
Pa 12). and P, a layer of predentin of normal width (fig. 10). 
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Expi.AisrATiox or Pi.ati: 1 

Fig. 1. — Pliotoiiiicrograph of a section of labial dentin of the niidrcgion of 
the upper incisor of control rat C2; X d90. D, calcified dentin; OD, odontoblasts; 
P, predentin. 

Fig. 2. — Photomicrograph of a section of labial dentin of the midregion of the 
upper incisor of rat C 3, which was given a single dose of 0.75 cc. of ergosterol 

10,000 X nnd killed twenty-four hours later; X ^90. Note the wide layer of pre- 
dentin, P, and compare with figure 1 ; D, dentin ; OD, odontoblasts. 

Fig. 3.— Photomicrograph of a section of labial dentin of the posterior region 
of the upper incisor of the same rat as in figure 2; X d90. Note the isolated 
globules of dentin, D, and the irregular boundary between the latter and the 
predentin, P; OD, odontoblasts. 

Fig. 4. — Photomicrograph of a section of lingual dentin of the posterior 'region 
of the upper incisor of control rat C 1; X 490. D, dentin; P, predentin. 

Fig. 5. — Photomicrograph of a section of lingual dentin of the posterior region 
of the upper incisor of rat C 8, which was given one dose of 0.75 cc. of ergosterol 

10,000 X Ji'id killed seventy-two hours later; X 490. A, dentin laid down previous 
to the experiment ; R, dentin laid down during the rise of the blood calcium and 
showing practically no calcification ; F, dentin laid down during the fall of the 
blood calcium; P, predentin. Compare with figure 4. 

Fig. 6. — Photomicrograph of a section of labial dentin of the upper incisor of 
the same animal as in figure 5; X 244. A, dentin laid dowm previous to the 
experiment ; R, dentin laid down during the rise of the blood calcium and show'ing 
poor calcification; F, dentin laid dowm during tbe fall of tbe blood calcium; OD, 
odontoblasts. 

Fig. 7. — Photomicrograph of a section of labial dentin of the upper incisor of 
rat C 9, which w'as given one dose of 0.75 cc. of ergosterol 10,000 X and killed 
seventy-tw'o hours later; X 490. A, dentin laid down before the experiment; 
R. dentin laid down during the rise of the calcium curve and showing imperfect 
calcification ; F. dentin laid down during the fall of the blood calcium and show’ing 
better calcification than in A; OD, odontoblasts. 

Fig. 8. — Photomicrograph of a section of labial dentin of the midregion of the 
low’er incisor of rat Z 15, which was given one dose of 0.5 cc. of ergosterol 

10,000 X and killed forty-eight hours later; X 244. A, dentin laid down previous 
to the experiment ; R, dentin laid dow'u during the rise of the blood calcium ; F, 
dentin laid down during the fall of the blood calcium; OD, odontoblasts; PU, pulp. 

Fig. 9. — Photomicrograph of a section of labial dentin of the low’er incisor of 
rat Z 27, w'hich W’as given 0.5 cc. of ergosterol 10,000 X a’^d w’as killed one 
hundred and thirteen hours later; X 244. A, dentin laid down and calcified before 
the experiment; R, dentin calcified during the rise of the blood calcium; F, dentin 
calcified during the fall of the blood calcium and sbow’ing more intense calcification 
than A; OD, odontoblasts; P, predentin. 

Fig. 10. — Photomicrograph of a section of labial dentin of the upper incisor 
of rat Pa 10, w'hich was given one dose of 40 units of parathyroid cxtract-Collip 
and killed sixty-six hours later ; X 490. A, dentin laid down and calcified before 
the experiment ; R, dentin show’ing poorer calcification than A ; F, dentin showing 
better calcification than R; P, predentin. 

Fig. 11. — Photomicrograph of a section of lingual dentin of the same rat as in 
figures 5 and 6 ; X 244. Note that the fracture that occurred during the dissection 
extends^nK’jj-^nriglT thircalcificd dentin, D, w’hile the predentin, P. is bent. The 
predeny^^V;0^er than normal. 
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Expi. A NATION OF Plate 2 

Fig. 12. — Photomicrograph of a transverse section of dentin of the upper 

incisor of the same rat as in figures 5 and 6 ; X 490. A, dentin laid down and 

calcified before the exi>eriment ; R, dentin calcified during the rise of the blood 
calcium ; F, dentin laid down during the fall of the blood calcium ; P, predentin ; 
OD, odontoblasts; PU, pulp. Note that the dentin layer, F, takes a more intensive 
stain than A. 

Fig. 13. — Photomicrograph of a ground transverse section of dentin of the upper 
incisor of rat C 9, which had same experimental history as animal C 8 of figure 
12; X 490. A, dentin laid down previous to the experiment; R, dentin laid down 
during the rise of the blood calcium ; F, dentin laid down during the fall of the 
blood calcium. 

Fig. 14. — Photomicrograph of a ground transverse section of dentin of the 

upper incisor of control rat C 1 ; X 490. Note normal calcification of dentin, D, 

and compare with figure 13. 
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Simiiuai y of the Histologic Reaction. — The histologic picture can be 
seen best in the experimental animals of the three series which were 
killed last, because these present a more complete record. Three princi- 
pal t} pes of stripes can be distinguished in the dentin of their incisors : 

1. A stripe of dentin which reacted normally to the hematoxylin and 
eosiii stain and which represents the preoperative dentin. This stripe 
naturally is by far the widest, as the animals were allowed to live only a 
relatively short time after the operation (from sixteen to one hundred 
and sixteen hours). 

2. A stripe of dentin which took a light eosin stain and which 
represents the dentin that was imperfectly calcified during the rise of 
the blood calcium curve. This stripe was of constant width except in 
some of the animals of longer postoperative life, in which its most 
anterior portion was narrower. 

3. A stripe of dentin which took a deep hematoxylin stain and which 
represents the dentin that was well or excessively calcified during the 
decline of the blood calcium curve. Its width varies directl}^ with the 
length of postoperative life. 

There were some incidental variations from this pattern in individual 
cases. Thus, in the animals of series C which had a longer postoperative 
life, the dentin showed localized disturbances. This may be associated 
with the higher dosage of ergosterol and the younger age of the animals. 

COMMENT 

Preliminary Histologic and Chemical Studies Made Independently . — 
In order to avoid the influence that the knowledge of the chemical 
history might have on the stud}^ of the histologic observations, the latter 
were first made by one of us (1. Schour) without knowledge of the 
blood calcium curves. The histologic study led to the conclusion that the 
dentin laid down soon after the injection was imperfectly calcified, 
while the dentin laid down later was excessively calcified. This con- 
clusion coincided closely with the expectations that were deduced 
independently b}^ A. W. Ham. 

The Validity of Hematoxylin as an Indicator of Calcification . — 
Although we are fully aware of the limitations pointed out b}^ 
Cameron ‘ and Hagens,® in judging the state of calcification by means 
of hematoxylin and eosin staining, we regard the latter as a v'orkable 
and dependable method for dentin for the following reasons : 

1. In decalcified sections the calcified matrix of the dentm takes 
the hematoxylin and the uncalcified matrix takes the eosin stain, as is 

7. Cameron, J. R. : J. Path. & Bact. 33:929, 1930. 

8. Hagens, E. W. : Arch. Otolarjmg. 13:824, 1931. 
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borne out by roentgenograms. Radiopaque dentin takes the hematoxylin 
and radiolucent dentin takes the eosin stain in histologic sections 
(To5'’ofuku,‘’ Schour and van Dyke 

2. When a fracture occurs in the dentin tissue, the former is seen 
in histologic sections to be limited to the dentin which takes the hema- 
toxylin stain and does not extend into the dentin which stains with 
eosin. Figure 11 shows a fracture that occurred during the dissection 
of the upper left incisor of animal C 8. The fracture extends through 
the dentin which took the hematoxylin stain. In the dentin which took 
the eosin stain there is no iDreak in continuity l)ut merely a bending at 
an angle of about 130 degrees. The fracture occurred only in the part 
of the dentin which was calcified. Erdheim reported fractures in 
parathyroidectomized rats that extended in the enamel and in the blue- 
staining dentin, while “the calcium-free red-staining dentin, because it 
was soft and yielding, remained intact.” Fie also reported similar obser- 
vations in ribs that fractured spontaneously following parathyroidectomy. 

3. Erdheim observed that, in the presence of suppuration, dentin 
which stained with eosin was readily invaded l^y pus cells, while the 
latter did not penetrate hematoxylin-staining dentin which was entirely 
surrounded by pus. lie associated the lack of penetration in the blue- 
staining dentin with its hardness. 

4. Ham observed that in pathologic calcifications produced by 
hypervitaminosis D the media of the coronary vessels which stained 
deeply with hematoxylin showed a gi'eatly increased mineral content in 
the incinerated sections. He also reported that the observation of 
calcareous deposits in the aorta, based on the hematoxylin reaction, was 
substantiated in animals of similar history which were given an injection 
of alizarin red, and that these showed clearly, in the gross, pinkish areas 
in the wall of the vessel. 

5. A study of ground sections of corresponding fields revealed that 
the stripes which in the ground sections showed good homogeneous 
calcification, as evidenced by the absence of interglobular spaces, cor- 
responded to the stripes in the decalcified sections which took more of 
the hematoxylin stain (figs. 13 and 14). 

For the reasons just stated, we feel justified in inteiqDreting in decalci- 
fied sections a dentin stripe which stains only lightly with hematoxylin 
as dentin that is poorly calcified. By the same token, a stripe which 
stains deeply with' hematoxylin represents dentin that is well or exces- 
sively calcified, depending on the intensity of its staining reaction. 

Effect of the Rise in Blood Calcium .- — The fact that the width of 
the eosin-staining stripe laid down during the rise of the blood calcium 

9. Toyofuku; Frankfurt. Ztschr. f. Path. 7:249, 1911. 

10. Schour, I., and van Dyke, H. B.; Am. J. Anat. 50:397, 1932. 
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level diminished in some of the animals which had a longer postoperative 
life suggests a partial recovery of the defect in the dentin that was 
laid down soon after the injection. Thus, during the fall of the blood 
calcium there is, as a rule, not only an improvement in the calcification 
of the dentin laid down at the time, but there may be, in addition, 
secondar}'’ calcification of the dentin previously imperfectly calcified. 

Sensitivity of the Dentin Reaction. — Erdheim’s statement regarding 
the delicacy of the reaction of dentin to changes in the calcium metabo- 
lism is fully confirmed by the observations in this study and by the 
unreported observations in a study made by one of us (I. Schour) in 
collaboration with Mcjunkin, Tweedy and Breuhaus.^^ The liistologic 
study of the dentin of the incisor of the rat is found to afford much 
better advantages than does the stud)'’ of bone in mirroring the processes 
tliat take place in the calcimn reservoir. The dentin yields a delicate and 
a chronological record of the changes that occur during the entire 
duration of the experiment, provided the experiment does not last more 
than from four to five weeks. This suggests the possibility of using this 
tissue as an indicator in a biologic assay of substances that affect the 
calcium metabolism. The delicacy of the dentin reaction is comparable 
to that of the feather test used as an indicator for the female sex 
hormone. 

THE ACTION OF THE PARATHYROID HORMONE 

The literature on the extraordinarily complicated field of the calcium 
metabolism and the action of the parathyroid hormone has recently been 
comprehensively rewewed by Thomson and Collip.’^" They suggested 
that the hormone acts either (1) by forming very slowly, even in the 
presence of excess calcium, a calcium compound of parathyroid hormone, 
(2) by stimulating the production of an unknown calcium-binding sub- 
stance, or (3) by acting primarily on the bones, with a resulting active 
liberation of calcium from the latter. The first two theories presume 
that the hormone increases the attraction of the blood for calcium, so 
the withdrawal of calcium from the bones would necessarily be of a 
passive nature. The last theory suggests direct action of the hormone 
not on blood but rather on bone, which results in the active liberation 
of calcium from the latter. Thomson and Collip appeared to favor 
the latter theory and suggested that it is in accord with the histologic 
ewdence which, they believed, indicates active rather than passive liber- 
ation of calcium from bone. 

In the development of this theory it is obvious that a considerable 
amount of faith has been placed in the hypothesis which postulates that 

U. Mchmkin, F. A.; Tweedy, W. R., and Breuhaus, H. C: Arch. Path. 

14:649, 1932. ^ 

12. Thomson, D. R., and Collip, J. B.: Physiol. Rev. 12:309, 1932. 
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the osteoclast is an active agent in the resorption of bone. It should 
be remembered that this theory regarding the action of osteoclasts arose 
when it was believed that both the deposition and the removal of calciiiiii 
was accomplished b}’ means of specific cellular activity in bone. Recent 
studies in the mechanism of calcification have established that the process 
is of a physicochemical nature and that the cells are only indirectly 
concerned. In the light of this knowledge, the necessity for specific 
cellular activity in the process of resorption should be questioned, par- 
ticularly as the evidence concerning the ability of osteoclasts in this 
respect has never been verj' convincing (Howell. Arey ^■‘). Recently, 
Ham interpreted the osteoclast as the differentiation iwoduct of the 
osteogenic cell in the presence of a foreign body type of stimulus. He 
believed that osteogenic cells are differentiated into giant cells (osteo- 
clasts) in the presence of breaking-down bone or cartilage in much the 
same manner that foreign body giant cells arise when fat is breaking down 
in fat tissue. In other words, he regarded them as arising primarily as 
the result of the disintegration of bone and cartilage. After their forma- 
tion they may cause indentations (Howship’s lacunae) on the surface 
of the bone because of the proximity of their cytoplasm to the calcified 
matrix. The stimulus for their origin, however, is thought to be not a 
need for the removal of calcium but a foreign body type of stimulus 
arising because of the distintegration of bone and cartilage that is 
already progressing. 

If osteoclasts are regarded as the effect of the resorption of bone 
rather than as its cause, their presence in bones after the administration 
of parathyroid hormone offers no evidence of the direct action of the 
hormone on osteoclasts. Furthermore, the results of our experiments on 
dentin tend to disprove the theory concerning direct action on bone, as 
the calcification of dentin was interfered with despite the absence of 
osteoclasts in this region. It therefore appears that our results can best 
be explained by the theory which postulates that the hormone controls, 
directly or indirectly, a fraction of the serum calcium. Examination 
of the evidence for and against this theor}'^ would involve the consider- 
ation of an immense amount of controversial literature. It is discussed 
in detail in the reviews of Peters and Van Slyke.’® Thomson and 
Collip^- and Barr.’^® It is thought, however, that in the application of 
this theory sufficient care has not been taken to distinguish the changes 
which occur during the period of rise in the serum calcium level follow- 
ing a single dose of the hormone from those which occur as the serum 

13. Howell: J. Morphol. 4:117, 1890. 

14. Arey, L. B.: Am. J. Anat. 26:315, 1920. 

15. Peters, J. P., and Van SRlce, D. D. : Quantitative Clinical Chemistry, 
Baltimore, Williams & Wilkins Company, 1931. 

16. Barr, D. P.: Physiol. Rev. 12:593, 1932. 
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calcium level recedes. If the parathyroid honuone acts by influendno- 
a certain fraction of the serum calcium, a large injection of the honnone 
into an animal would result in calcium being attracted to the blood and, 
more specifically, to the fraction of the serum controlled by the honnone. 
The shift in calcium during the period of rise in the serum calcium 
level following a single dose of parathyroid hormone might be diagram- 
matically represented as follows; 


Serum 

Fraction of 
serum controlled 
by parathyroid 
hormone 

This fraction < 

attracts calcium 
during the 
period of 
rise in the 
serum calcium 
level 


Tissues 

Fractions Dentin; arrested calcification 

of < Bones: arrested calcification and 

development of osteoclasts as a result 
serum of withdrairal of calcium from trabeculae 

■ calcium 
in 

simple 

< Intestine: temporary increased absorption 

solution 

Other tissues; possible injury because 

of deprivation of calcium 


The evidence at hand which points to changes in the tissues as postu- 
lated in this diagram may be briefly summarized. Our experiments 
with dentin indicate that its calcification is arrested during the upswing of 
tlie serum calcium cun’^e. Numerous investigators have shown that the 
bones lose calcium after administration of the parathju'oid hormone 
(Hunter and Aub,^' Hunter,^® Bauer, Aub and Albright,^® Stewart and 
Percival and Caven and Taylor Collip showed that the h3rpercal- 
cemic effects of the administration of the parathyroid hormone are inten- 
sified by the ingestion of calcium, a fact which would indicate increased 
absorption during the period of rise in the serum calcium level. The cal- 
cium content of the tissues during the period of rise in the serum calcium 
level can at present be onl)'^ a matter of speculation. There is, however, 
some indirect evidence which suggests that the tissues may be injured 
during the period of rise in the serum calcium curve by virtue of the 
abstraction of calcium from them. In this connection, IN'IcJunkin, 
Tweedy and Breuhaus found that injections of the hormone into the 
renal parench}ana caused necrosis of the tissue. 

After hjrpercalcemia has been attained by the administration of a 
single dose of the hormone the calcium level begins to fall. This 
phSiomenon may be explained by considering that the administered 
hormone is being eliminated, broken do^^m or affected in some manner 
so that it no longer retains its former ability to attract or hold calcium. 

17. Hunter, D., and Aub, J. C; Quart. J. Med. 20:123, 1927 . 

18 Hunter D. : Lancet 1:897, 947 and 999, 1930. 

19 ’ Bauer, W.; Aub, J. C, and Albright, F. : J. Exper. Med. 49:145, 1929. 

20 Stewart, C. P., and Percival, G. H.: Biochem. J. 21:301, 1927. 

21 ' Caven and Taylor, cited by Taylor, Weld, Branion and Kay.23 
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The calcium, formerly held in solution by the effect of the hormone, 
would then be liberated. This phenomenon would institute a shift in 
the equilibrium in the direction opposite to that which occurred during 
the period of rise, and in this phase of the process calcium might be 
expected to be deposited in the dentin and bones and to be excreted. 
There is another possibility to be considered, namely, that the release of 
calcium from the solution maintained b}’' the parath\-roid hormone might 
introduce more calcium into simple solution than could be retained with- 
out the occurrence of precipitation (Ham,-'’ Ham and Portuondo®). 
The shift in calcium which probably occurs during the fall in the serum 
calcium level following the hypercalcemia attained by a single dose of 
parathyroid hormone might be diagrammatically represented as follows : 


Serum Tissues 

Fraction Fraction » Dentin: normal to excessive calcification 

of serum of serum > Bones: precipitation into bone (?) 

calcium r calcium > Intestine: increased excretion (?) 

controlled in >■ Kidney: increased excretion 

by simple > Various soft tissues 

parathyroid solution Pathologic calciflcations (metastatic 

hormone precipitations) 

The evidence to support this conception of the shift in calcium during 
the fall in the serum calcium curve is incomplete. Our work demon- 
strated that the calcification of dentin varied from normal to excessive 
during this phase. In this connection it should be again pointed out 
that the dentin offers a much more accurate index of the day by day 
process of calcification than do the bones. It is difficult to determine 
what picture in bone is caused by the shift in calcium during the down- 
swing of the curve. The dentin, on the other hand, provides a new 
stripe of tissue for each successive day’s study. The evidence for 
increased secretion by way of the intestine in this phase of the serum 
calcium curve is not yet clearcut, because most experiments in this field 
have been performed by administering several doses of the hormone. 
There is, however, good evidence to indicate that the precipitations into 
the soft tissues occur in this particular phase. It was shown by McLeod 
and Ta)dor -- that the urgent symptoms of hyperparathyroidism made 
their appearance as the seiTim calcium curve showed a decided fall from 
its previous high level. Thomson and Collip stated that “urgent symp- 
toms of distress begin to appear at about the time when the serum 
calcium cuiwe turns downward.” Ham and Portuondo ^ showed that the 
calcifications of hypervitaminosis D occur during the period of fall of 
the serum calcium cuiwe following a single dose of the idtamin. Thus 
there appears to be reasonably good evidence to suppose that the begin- 
ning of the fall in the serum calcium level coincides with a shift in 
calcium from the parathyroid-controlled fraction to one which must be 


22. McLeod and Taylor: Tr. Roy. Soc. Canada (Sect. 5), 1925, p. 27. 
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retained in simple solution; and, furthermore, it appears that if the 
amount of calcium released is sufficiently great, precipitations will occur 
into the soft tissues. 

ACTION OF VITAMIN D 

Ta3dor, Weld, Branion and Kay recently considered in detail the 
literature which pertains to the problem of the interrelationship of 
Adtamin D and the parathyroid hormone. They submitted important 
evidence to indicate that large doses of vitamin D exert their effects 
through the parathyroid mechanism. Thomson and Collip also dis- 
cussed this problem in detail. The chief difficulty in the performance of 
crucial experiments in this field is the possibility of aberrant parathyroid 
tissue. Other theories of the action of vitamin D are not so clearcut 
as this one, but in general they postulate that the administration of vita- 
min D allows an imiiroved absorption or utilization of calcium on the 
part of the afifected animal. There are, of course, numerous examples 
in which the administration of vitamin D resulted not in an improved 
calcification of bone but in demineralization (Kreitmair and Hintzel- 
mann,-^ Batungartner, King and Page and others). Grauer reported 
on the development of osteitis fibrosa cystica following excessive and 
prolonged administration of vitamin D. In our experiments it was 
found that the calcification of dentin was arrested for a time following 
the administration of a single large dose of activated ergosterol. It is 
difficult to explain our results by any theory which postulates that vita- 
min D acts by simply increasing the absorption or ionization of calcium. 
On the other hand, our results may be explained readily if vitamin D 
is thought to act through the parathyroid mechanism, but only if the 
parathyroid hormone is thought to act on the blood b}'- controlling a 
fraction of the serum calcium. Thus, by reference to the diagrams 
formulated to show the action of the parathyroid honnone, the calcifi- 
cation of dentin in relation to the serum calcium curve after the adminis- 
tration of vitamin D ma}'^ be readily understood. 

These experiments, it is thought, offer some evidence that vitamin D 
acts through the parathyroid mechanism. They furthennore indicate 
that the parathyroid hormone acts on the blood rather than on the bones. 
They offer evidence that, following a single dose of either substance, 
a shift in calcium occurs toward the blood while the serum calcium 
level is rising and toward the tissues while the level is falling. This 

23. Ta3^1or, N. B. ; Weld, C. B. ; Branion, H. D., and Kay, H. D. : Canad. 
M. A. J. 24:763, 1931. 

24. Kreitmair, H., and Hintzelmann, U. : Arch. f. exper. Path. u. Pharmakol. 
137:203, 1928. 

25. Baumgartner, L. ; King, E. J., and Page, I. H. : Biochem. Ztschr. 213:170, 
1929. 

26. Grauer, R. C.: Proc. Soc. Exper. Biol. & Med. 29:466, 1932. 
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theory was utilized by Ham and Portuondo to explain the mechanism 
of certain metastatic calcifications, and its application allows many 
seemingly paradoxical phenomena encountered in studies on calcium 
metabolism to be explained. Confusion often arises because of the 
failure of investigators to appreciate the difference in the state of the 
serum calcium under conditions of a rising cuiwe in contrast to condi- 
tions .during a falling curve. 

SUMMARY 

• Since the dentin of the incisor of the rat is apposed day by day, it 
was selected as an index of the nonnal calcification process as affected 
by the administration of siirgle massive doses of either vitamin D or the 
parathyroid hormone. 

Single massive doses of either substance resulted in the formation 
of. first, a stripe of dentin which was imperfectly calcified and, second, 
a stripe of dentin which was normally or excessively calcified. 

The poorly calcified dentin was found to represent the area calcified 
while the serum calcium level was rising, and the well calcified stripe 
was found to represent that calcified while the serum calcium level was 
falling, after the attainment of a hypercalcemia. 

As no osteoclasts were found in the dentin, the action or the para- 
thyroid hormone in preventing calcification for a time did not appear to 
depend on its supposed ability to stimulate the active lil)eration of 
calcium from bone. 

The observations could be explained by the theor}- which postulates 
that the parathyroid hormone controls a fraction of the serum calcium. 

The results with vitamin D could not easily be explained b}' am- 
theory^ which postulates that the vitamin acts by simply increasing the 
absorption or ionization of calcium. 

The results could be explained by the theoiy which postulates that 
vitamin D acts through the parathyroid mechanism, provided the shift 
in calcium durixrg the upswing of the curve is considered to be toward 
the blood and, during the downswing of the curve, from the blood to 
the bones, dentin, soft tissues and intestine. 



SOME ABNORMALITIES IN RATS SUBSISTING 
ON DIETS POOR IN MINERAL 
NUTRIENTS 
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During a study of the effects of diets low in salt on the rate of 
growth of rats, and on the proportion of mineral constituents deposited 
in their bones, it was noticed that the eyes of a number of the animals 
protruded abnormall3^ The proportion of inorganic matter in the skulls 
of all of the animals reared on these diets was so small that the bony 
tissue was soft to the touch ; furthermore, the spines showed several 
curvatures, the legs were bowed and all of the bones were spongy. 
Various degrees of anemia were observed. The e3^es themselves, 
altho\!gh they appeared to be unusuall3'^ large and distended with fluid, 
on histologic examination showed no signs of tissue damage from intra- 
ocular pressure, nor did the ocular muscles reveal any abnormalities. 
The protrusion of the eyes was not continuous; it was most marked 
when the animal was active, but occasionally disappeared entirely. 

The effects of the realimentation of these animals with ample 
amounts of calcium salts or with an adequate salt mixture have been 
investigated. 

EXPERIMENTAL METHODS 

The basal ration was composed of: casein, 18 per cent; butter fat, 9 per cent; 
lard, 20 per cent and dried yeast, 8 per cent; the remaining 45 per cent of the 
ration consisted of starch. The experimental diets were made by supplying from 
0.5 to 4 per cent of different salt mixtures in place of an equivalent weight of 
starch. In all cases 10 drops of cod liver oil was administered dailjq and distilled 
water was furnished ad libitum. When Sure’s or McCollum’s salt mixtures sup- 
plied the inorganic requirements, iodine was added to the water once weekly. 

The ingredients of the basal ration, exclusive of the salt mixture, furnished 
1.28 Gm. of ash per hundred grams of food; of this, 0.023 Gm. consisted of 
calcium and 0.245 Gm. of phosphorus. Rats restricted to such a diet died in 
about forty days. Male albino rats, 21 days of age, of from 40 to 50 Gm. in 
weight, were selected for all experiments. 

From the Department of Surgery, Section of Ophthalmologj', Yale School of 
Medicine, and the Biochemical Laboratory of the Connecticut Agricultural Experi- 
ment Station. 

A part of the expense of this investigation was borne 'by tbe Carnegie Institu- 
tion of Washington. 
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A group of seventeen rats was fed on a diet that contained 0.5 per cent of 
Sure’s salt mixture ^ and 0.28 per cent of sodium chloride. The calcium and 
phosphorus contents of this diet were respectively 0.063 and 0.305 Gm. per hundred 
grams of food. At the expiration of sixty days the femurs of nine of these rats 
were analyzed for ash, and the hemoglobin content of the blood was dclermiued 
by a modification of the Cohen-Smith method.- 'The remaining eight rats then 
received a diet that contained 4 per cent of Osborne-Mcndel salt mixture;'" four 
rats were killed after thirty days and four after sixty days on this diet and were 
examined similarly. 

A second group of seventeen rats was fed a diet that contained jMcCollum’s 
salts'^ for sixty days, when nine were killed and examined as in tlic first group. 
To ascertain the effect of an adequate supply of calcium on the hemoglobin con- 
tent of the blood, on the deposition of bone ash, and on the general condition 
of the animals, calcium carbonate was added to the diet of the remaining eight 
rats to make the calcium content of the ration equivalent to that of the ration 
in which 4 per cent of Osbornc-kicndel salts had been included. Four animals 
received this ration for thirty and four for sixty days before analyses were 
made. 

X-ray photographs were taken of four animals from each of these groups 
after thirty and sixty days on the diets low in salt, and also after thirty days 
of realimentation with a complete salt mixture or with calcium carbonate. 


1. Sure, B.: J. Biol. Cliem. 58:681, 1924. The composition of this salt 


mixture is: Gni. 

Sodium chloride 0.2022 

Anhydi'ous magnesium sulphate ; 0.3117 

Crystallized disodium hydrogen phosphate 0.5265 

Dipotassium hydrogen phosphate 1.1158 

Crystallized dicalcium phosphate (calcium hydrogen phosphatel 1.1165 

Calcium lactate 0.2896 

Ferric citrate 0.1385 


2. Cohen, B., and Smith, A. H. : J. Biol. Chem. 39: 489, 1919. 


3. Osborne, T. B., and l^Iendel, L. 


composition of this salt is ; (jtii. 

Calcium carbonate 134.8 

Magnesium carbonate 24.2 

Sodium carbonate 34.2 

Potassium carbonate 141.3 

Phosphoric acid, U. S. P 103.2 

Hj’drocliloric acid 53.4 

Sulphuric acid 9.2 


B.: J. Biol. Chem. 37: 557. 1919. The 


Gm. 

Citric acid plus water 111.1 

Crystallized iron citrate 6.34 

Potassium iodide 0.020 

Itlanganous sulphate 0.079 

Sodium fluoride 0.248 


Potassium aluminum sulphate 0.0245 


4. IMcCollum, E. V.; Rask, O. S., and Becker, J. E.: J. Biol. Chem. 77:753, 
1928. The composition of this salt is; 

Sodium chloride 146.0 

Anhydrous magnesium .sulphate 225.0 

Sodium biphosphate, U. S. P. (sodium dihydrogen phosphatel 

plus water 293.0 

Dipotassium hydrogen phosphate 805.0 

Monobasic calcium phosphate (tetrahydrogen calcium phos- 
phate") plus water 456.0 

Ferric citrate 100.0 

Calcium lactate 1,098.5 



42 


ARCHIVES OF PATHOLOGY 


For purposes of control, nine animals were fed a diet that contained 4 per 
cent of Osborne-Mendel salts ; five of these were killed at ninety da}"s and four 
at one hundred and twenty days. In addition, ten rats were fed a diet that con- 
tained 0.5 per cent of McCollum’s salts and 1 per cent of calcium carbonate; five 
of these were killed after ninety and five after one hundred and twenty days. The 
hemoglobin content of the blood and the ash content of the femurs were deter- 
luined. X-ray photographs of two animals from each control group were taken 
after sixt}^ and ninety days on the diets. 


RESULTS 

Of the 34 rats fed the diets low in salt, 11 developed markedly pro- 
truding eyes; 11 developed eyes which protruded slightly; 4 developed 
eyes with bloody rings around them ; 2 det^eloped nervous spasms char- 
acterized by “screaming fits” in which the animals bit their tails, and 7 
lost hair symmetrically from the rump and, in some cases, from the 
abdomen as well. 

A histologic study was made of the ocular tissue and its adnexa. 
No definite changes were noted in the structure of the eyeball, or in 
the muscles that control the movements of the eye. The portion of the 
orbital tissue consisting of the harderian gland and of fat was normal. 
No signs of increased intra-ocular pressure were observed, nor was 
there any invasion of the ocular muscles by mononuclear cells as 
described by McCool and Naffziger ® for exophthalmos in man. 

Neither the pituitary nor the suprarenal glands revealed definite 
abnormalities; the thyroid gland, however, presented certain striking 
changes which are now under investigation. 

The hemoglobin content of the blood, the ash content of the femurs 
and the A/R ratios (ratio of inorganic matter in the bones to the 
organic matter), as well as the gross abnormalities observed, are shown 
in the table. 

Rats that had subsisted on diets low in salt for sixty days exhibited 
varying degrees of anemia as judged by the hemoglobin content of the 
blood. Realimentation of these rats, either by an increase in the total 
salts of the diet or by an increase in its calcium content, in every case 
resulted in an increased hemoglobin content of the blood. The level of 
hemoglobin in the blood was. however, never as high as that in the 
control rats of the same age. 

The inoreanic matter in the bones of rats fed diets low in salt for 
sixty daj^s was greatly reduced. The feeding of adequate amounts, 
either of a mixture of salts or of calcium carbonate, resulted in a greater 


S. McCool, J. L., and Naffziger. H. C. : Tr. Am. Ophtli. Soc. 30: 103, 1932. 
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Effects of Diets of Varied Inorganic Salt Content on the Blood and Bones and Also 
on the General Al’pcarancc of Rats 





Ilcmo- 

Ash of 



Duration 


globln in 

Dry 




Of 


100 Cc. 

Pat-Preo 


Gross Abnorinalltles 

Salts In Diet. li'ccclinc. 

Rat 

Blood, 

Bones, 


During First GO Days 

per Cent 

Days 

Number 

Gin. 

per Cent 

A/R 

of Experiment 

0.5 Sure’s salts + 

00 

0<I7G4 

4.8 

.30.1 

0.57 

Bloody ring around one eye 

0.28 sodium chloride 

00 

C ‘17G7 

11.2 

43.1 

0,70 

Bloody ring around one eye 


GO 

C 4770 

13.1 

44.2 

0.79 



00 

0 4772 

9.1 

40.1 

0.91 



00 

C 4777 

5.0 

41.4 

0.70 

Slight protrusion of eyes 


GO 

C 4779 

12.3 

44.5 

0.80 

Slight protrusion of ej’cs 


GO 

C 4781 

9.7 

39.5 

0.05 

.Swollen lids and closed eyes 


GO 

C 4787 

10.5 

39.7 

0.00 

Slight protrusion of eyes; 







dcpllntlon 


GO 

0 4789 

8.5 

34.9 

0.54 


Average 



9.4 

42.2 

0.74 


0.5 MeColIum's salts 

00 

C 4801 

9.8 

49.3 

0.97 

Protrusion of eyes 


GO 

0 4802 

11.5 

.... 


Slight protrusion of eyes; 







“screaming fits’’ ; dcpllntlon 


00 

C4S03 

10.9 

47.1 

0.89 



00 

0 4800 

9.1 

47.2 

0.89 



00 

0 4808 

11.5 

45.7 

0.84 

Slight protrusion of eyes 


00 

C 4812 

11.7 

41.8 

0.72 

Slight protrusion of eyes 


00 

C 4815 

0.1 

40.0 

0.87 

Protrusion of eyes 


00 

C 482.7 

4.5 

38.8 

0.03 

Slight protrusion of eyes; 







nervousness: dcpllntlon 


00 

C 4820 

10.9 

.... 


Protrusion of eyes 

Average 



9.0 

44.5 

0.81 


0.5 Sure’s salts + 

90 

C 4703 

13.1 

01.1 

1.57 

Protrusion of one eye 

0.28 sodium chloride 

90 

C 4705 

12.9 

58.0 

1.43 

Protrusion of eyes; bloody 

tor 00 days; then 4 






rings 

Osborno-Mcndcl salts 

00 

C 4709 

13.1 

62.5 

1.00 


for 30 days 

00 

C 4771 

12.3 

01.1 

1.57 

Bloody ring around one eye 

Average 



. 12.9 

00.9 

1.50 


0.5 McCollum’s salt.s 

00 

C 4799 

14.3 

01 .0 

1.00 

De])ilntion 

for 00 days; then 1 

00 

C 4804 

12.0 

58.0 

1.42 

Protrusion of eyes 

calcium carbonate 

90 

C 4807 

12.0 

58.0 

1.41 

Protrusion of eyes 

added for 30 days 

90 

0 4809 

12.4 

57.3 

1.34 

Protrusion of eyes 

Average 



. 13.0 

59.0 

1.44 


0.5 Sure’s salts + 

120 

C 4778 

14.0 

04.7 

1.83 

Slight protrusion of eyes; 

0.28 sodium cliloridc 






dcpllntlon 

for 00 days; then 4 

120 

0 4780 

14.0 

03.9 

1.77 

Slight protrusion of eyes 

Osborne-Mcndel 

120 

C 4782 

11.9 

03.0 

1.75 

JIalfunetion of hind leg; 

salts for GO days 






dopilatlon 


120 

C 4781 

.... 

04.2 

1.35 

Protrusion of eyes; cataract 

Average 



, . 13.3 

04.1 

l.CS 


0.5 McCollum’s salts 

120 

0 4814 

13.4 


1.72 

Protrusion of eyes; nervous- 

for 00 days; then 1 






ness 

calcium carhonato 

120 

0 4817 

10.9 

03.0 

1.72 

Bloody ring around one eye 

added for 00 days 

120 

0 4819 

15.0 

03.0 

1.75 



120 

0 4822 

12.0 

04.7 

1.83 

Slight protrusion of eye 

Average 



.. 13.0 

03.0 

1.70 


4 0.sborne-Mendel 

90 

0 4804 

14.0 

00,3 

1.97 


salts 

90 

0 4807 

15.4 

00.7 

2.00 



90 

C4S74 

15.4 

05.7 

1.91 



90 

0 4870 

15.0 

05.2 

1.87 



00 

0 4878 

14.0 

07.1 

2.01 


Average 



. . 14.8 

00.2 

1.90 


0.5 McCollum’s salts 

90 

0 4880 

14.0 

Gfi.n 

1.89 


+ 1 calcium 

90 

0 4882 

13.7 

04.7 

1.83 


carbonate 

90 

0 4884 

13.7 

05.G 

1.90 



90 

O4SS0 

14.3 

65.3 

1.88 



90 

0 4SSS 

12.0 

04.8 

1.84 


Average 



. . 13.7 

65.2 

1.87 
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Effects of Diets of Varied Inorganic Salt Content on the Blood and Bones and Also 
on the General Appearance of Rats — Continued 


Salts in Diet, 
per Oent 

Duration 

of 

Deeding, 

Days 

Bat 

Xumber 

Hemo- 
globin in 
100 Cc. 
Blood, 
Gm. 

Ash of 
Dry 

Dat-Dree 
Bones, 
per Cent 

A/R 

Gross Abnormalities 
During Hirst 60 Days 
of Experiment 

4 Osborne-Mendel 

120 

C 4SG5 

15.0 

C7.5 

2.0S 


salts 

120 

C4SG6 

IC.l 

C7.5 

2.03 



120 

G4875 

14.0 

CC.l 

1.95 



120 

C4S77 

14.6 

66.0 

1.94 


Average 



. 14.9 

06.8 

2.01 


0.5 McOoUum’s salt 

s 120 

0 4S79 

14.0 

6G.5 

1.9S 


-1- 1 calcium 

120 

0 4881 

13.1 

66.4 

1.96 


carbonate 

120 

0 4883 

14.0 

66.8 

2.02 



120 

0 4885 

16.1 

60.3 

1.97 



120 

0 4889 

13.7 

C6.S 

2.02 


Average 



. 14.2 

66.0 

1.99 



deposition of ash in the hones, particularly after sixty days of reali- 
inentation. The ash of the bones of such rats Avas in no case as high 
as that of the control rats of the same age. 

The ratio of the inorganic matter to the organic matter in the bones 
(A/R ratio) was less than unit}’- in the cases of rats that had been fed 
on diets low in salt for sixty days. The rise in the inorganic residues 
of the bones which resulted from the feeding of adequate salt mixtures 
or of increased amounts of calcium carbonate was, as would be expected, 
reflected in a rise of the A/R ratios. 

The x-ray pictures of the animals that had been fed diets low in 
salt for thirty days revealed a moderate osteoporosis of the larger bones. 
The same animals, after sixty days on the same regimen, showed marked 
generalized osteoporosis as compared with normal animals of the same 
age. The animals showed a definite increase of calcification in the bony 
structure after realimentation for thirty days on diets containing 4 per 
cent of Osborne-Mendel salts or adequate amounts of calcium. The 
x-ray pictures indicated a greater deposition of inorganic salts in the 
bones of the rats after realimentation on a diet to Avhich calcium car- 
bonate had been added than in the bones of those animals after reali- 
mentation on the ration which contained 4 per cent of Osborne-Mendel 
salts. According to the chemical analyses, however, almost exactly the 
same degree of deposition of mineral matter Avas found in the bones 
in both groups. The x-ray pictures of the control animals revealed 
nothing abnormal as far as the bony structure Avas concerned. 
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The calcification of the malshapeii skeleton, which occurred when 
adequate amounts of inorganic matter were fed, resulted in an animal 
with bowed legs and a curved spine. Except for these skeletal defects, 
after realimentation the animals looked fat, healthy and normal in 
every wa)e 


SUMMARY 

Rats deprived of an adequate dietary source of inorganic salts 
developed certain skeletal abnormalities which in some cases were accom- 
panied by protrusion of the eyes. Histologic examination of the tissues 
of the eye, the suprarenals and the pituitary gland showed no striking 
abnormalities; apparent changes in the thyroid gland are being further 
investigated. A marked osteoporosis of the bones was revealed by x-ray 
photographs and by chemical examination of the femurs. 

The realimentation of such animals with a diet that contained an 
adequate supply of inorganic salts or a sufficiently high level of calcium 
resulted in marked calcification of the bones, an increase in the hemo- 
globin content of the blood and a general improvement in the appear- 
ance of the animals. 



UREA CLEARANCE AFTER UNILATERAL 
NEPHRECTOMY IN DOGS 
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By the so-called urea tolerance test, Karsner, Strauss, Moore and 
Hanzal ^ showed that in the rabbit the removal of one kidney is followed 
by decreased renal function as regards elimination of urea, and that 
following the period of decreased capacity the remaining kidney has 
as great a capacity for elimination of urea as did the two kidneys. With 
the presentation of the urea clearance test by Moller, McIntosh and 
Van Slyke,- it was evident that the problem could be studied with greater 
precision and in another animal. The urea clearance in the normal dog 
was determined by Summerville, Hanzal and Goldblatt ® and served as 
a basis for the examination of the results of unilateral nephrectomy in 
the dog. In this study, their methods as to care, diet and conduct of 
the urea clearance tests were employed. During the preparation of this 
paper the report by Ellis and Weiss * on urea clearance in man after 
unilateral nephrectomy appeared, but it was thought useful to place 
our studies on record even though the findings are essentially the same. 

Mature mongrel female dogs of unknown age were used. The bod}' 
weights were from 9 to 15 Kg. With aseptic precautions, under mor- 
phine and ether anesthesia, the right kidney was removed by the extra- 
peritoneal lumbar route. Each kidney removed was studied grossly and 
microscopically and was demonstrated to be free from disease. At 
the termination of the experiments the remaining kidneys were exam- 
ined, with similar results except for an increase in weight. This increase 
was from 42 to 48, 46 to 48, 22 to 28 and 19 to 30 Gm. respectively in 
animals 1, 2, 3 and 4. 

From the Institute of Pathology, Western Reserve University. 

This work has been aided by a grant from the Committee on Scientific 
Research of the American Medical Association. 
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♦Onlv the necessary data are piven. AI! the additional figures employed in determinations 
of the urea clearance,- such as V V, Cm and C«:, can he calculated from the material piven. 
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The tests recorded as “plus urea” were made after the oral adminis- 
tration of 1 Gm. of urea in 25 cc. of water per kilogram of body weight. 
Control clearance values with and without urea were obtained for each 
dog before operation. In order to secure large volumes of urine, water 
was administei'ed in some cases thirty minutes before the start of a test, 
Postopei ative cleaiance values with and without added urea were 
obtained after one, two and three days, one, two and six weeks and six 
and seven months. In order to conserve space, the complete data for dog 
1 only are given in table 1. In table 2 and in the chart the summarized 
data for the four animals are given. The clearance values have been 
corrected for body surface in order to compare them with the normal 



Animal number 1 A 5 4- 

Average urea clearance, corrected for surface area, in the control (solid black), 
postoperative (diagonal lines) and recovery (dots) periods following the admini- 
stration of urea. 

Table 2. — Average Urea Clearance in the Control, Postoperative and Recovery 

Periods 



Dog 1 


— Urea, 

+ Urea. 

Period of Observation 

C/SA* 

C/SA 

Control 

. 56.2 

46.9 

Postoperative 

. 57.9 

29.4 

Recovery 

. 51.2 



Dog 2 Dog 3 Dog 4 

/ * . , ' , , 

— Urea, + Urea, — Urea, + Urea, — Urea, + Urea 
C/SA C/SA C/SA C/SA C/SA 0/SA 

41.1 4S.0 52.1 41.6 5S.8 42.7 

37.7 19.1 37.1 23.S 35.1 28.3 

51.4 4S.8 70.9 39.9 43.7 45.7 


* C/SA = correeted for surface area. 

values of Summerville, Hanzal and Goldblatt.® The advantages of this 
corrected value are given in their paper. 

From table 2 it is evident that without the added load of urea the 
clearance was somewhat reduced in onlj^^ two of the animals in the early 
postoperative period. With the oral administration of urea, however, 
the drop in clearance values, namel)’’ to 62.7, 39.8, 67.2 and 66.3 per cent 
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of the original values, is evidently significant. After recovery, the 
clearance values without and with the administration of urea are well 
within the normal range. Thus the average values for the four animals 
at this time are respectively 118.1, 101.6, 96 and 107 per cent of the 
preoperative figures. 

CONCLUSION 

With the urea clearance test as a criterion, unilateral nephrectomy 
is followed by a transient period during which the remaining kidney is 
physiologically deficient. After six months the remaining kidney func- 
tions as well as did both kidneys originally. Thus the enlargement of 
the remaining kidney of the dog is a true hypertrophy in the critical 
sense of the word. This result agrees with those of previous experi- 
ments on the rabbit by the urea tolerance test and with the results of 
Ellis and Weiss in man with the urea clearance test. 



AMYLOIDOSIS 

EXPERIMENTAL STUDIES 
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M. BOGIN, M.D. 

AND 

H. BOLKER, M.D. 

BROOKLYN 

I. PRODUCTION OF AMYLOIDOSIS IN MICE 

Recent work indicates that amyloidosis is not a degenerative dis- 
ease but the result of a long-continued metabolic disorder, probably 
protein in nature. The valuable contributions of Kuczynski,^ Smetana - 
and Jaffe ® in the study and understanding of the pathologic process 
enable one to investigate this condition more adequately. 

METHOD OF STUDY 

Four groups of forty albino mice, one group of si.xty mice and one group of 
thirty and one of twenty-five white mice were used. Each group was kept in 
separate wooden cages with false bottoms to permit the e.xcreta to fall to the 
lower compartment of the cage. 

The diet (stock diet) consisted of powdered w'hole milk and ground white bread, 
in proportions of 3 to 2, respectively. In addition, tap water was given. 

Amyloid was produced in the manner already described by Smetana, Jaffe and 
ourselves, 4 consisting, briefly, in daily injections of from 0.2 to 0.4 cc. of a 5 per 
cent aqueous suspension of sodium caseinate for five successive days each week. 
The animals to be killed were given injections of from 0.5 to 1 cc. of 10 .per cent 
aqueous solution of congo red in the right lateral tail vein. The spleen, liver and 
kidneys were sectioned as described."* Cultures were made of the sites of the 
injections of sodium caseinate® immediateb' post mortem, and pieces of the muscle 

Aided by a grant from the Committee on Scientific Research of the American 
Medical Association. 

From the Pediatric Research Laboratory of the Jewish Hospital and the 
Pathological Laboratory of the Beth-El Hospital. 
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were taken for histologic study. All the cultures were uniformly sterile. Sections 
of the muscle showed .varying amounts of hj^aline degeneration, fragmentation and 
diffuse polj-morphonuclear leukocytic and lymphocytic infiltration, but no abscesses, 
micro-organisms or local deposits of amyloid.® 

It has been shown— and on this point the literature has been reviewed exten- 
sively and in detail by Wickmann ^ and Schmidt ‘ — that the microchemical staining 
reactions for amyloid vary with its age. Smetana - applied congo red, first sug- 
gested by Bennhold * as a test for amyloid intra vitam, to its pathologic study. He 
and others showed that this dye reveals the presence of amyloid before any other 
dye. This dye has therefore been used in our experiments except when noted. 
Application of the dye to surgical and autopsy specimens showing hyaline and 
granular degeneration produced none of the tinctorial pictures obtained with 
amyloid. When stained with congo red amyloid retains its color for about six 
months, slowly fading thereafter; the morphology' is not affected by the loss of 
color. Sections must not be allowed to remain in any of the dehydrating alcohols, 
particularly 95 per cent, for more than from one-half to one hour, lest the red or 
pink-red color be removed or so weakened as to assume a purplish hue. 

Until 10 or 15 injections of sodium caseinate had been given, there were no 
demonstrable gross or microscopic alterations. After 20 injections, the enlarged 
spleen was soft and more bloody and showed more sharply outlined follicles than 
usual, iilicroscopically, the sinuses, particularly the perifollicular sinuses, were 
tremendously distended with erythrocytes ; there were no evidences of phagocytosis. 
Numerous giant cells appeared in the sinuses and in the red and white pulp. They 
were discrete, round or roughly pentagonal and measured from 15 to 25 microns. 
Their cytoplasm was unstained and finely granular. They contained from three 
to five or six well defined, round nuclei of the vesicular type, • generally grouped 
at one pole of the cell with small amounts of finely granular chromatin scattered 
irregularly on a fine linin network. No cell inclusions or vacuoles were demon- 
strable. These cells appeared most numerous in the immediate perifollicular sinuses 
and red pulp. The reticular cells of this region seemed more distinct and were 
swollen; the cytoplasm was unstained and homogeneous. The littoral cells pre- 
sented a similar appearance ; the nucleus still lay near the inner border. Moderate 
numbers of immature polymorphonuclear leukocytes were present between the 
reticular cells. The lymphoid cells of the red and white pulp seemed fewer and, 
in the white pulp, compressed. The malpighian corpuscles were sharply outlined 
as small, dense masses of lymphoc 3 'tes with but a faint suggestion of secondare' 
follicles. The trabeculae and arteries showed no demonstrable changes. These 
changes w’ill be referred to as precursory am 3 'loid changes in subsequent sections. 

Essentially the same appearances were present after 23, 26 and 29 injections. 
After the thirt 3 '-second injection the macrophages showed minute pink to pink-red 
crystalline or granular areas in the C 3 'toplasm. These appeared in the central zones 
of the macrophages, both those within the sinuses and those in the pulp stroma. 
The other structures were similar to those described after 29 injections. 

After 37 injections the spleen appeared smaller and less bloody. Microscopically, 
the macrophages contained large amounts of pink-red inclusions, which occupied 
the greater portion of the cell, with a narrow clear zone between these masses 
and the periphery of the cell, the masses appearing to lie within an intracellular 


6. Wickmann, G. : Beitr. z. path. Anat. u. z. allg. Path. 13:487, 1893. 

7. Schmidt, M. B.; Verhandl. d. deutsch. path. Gesellsch. 7:2, 1904. 

8. Bennhold, PL: Klin. Wchnschr. 3:1711, 1924. 
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vacuole. Such macrophages were more numerous and were arranged in linear 
manner, partially filling the sinuses surrounding the follicles. The reticular cells 
also contained similarly tinted crystalline inclusions, as did the littoral cells. The 
groundwork around the reticular fibers appeared thickened, those in the perifollicu- 
lar zone showing pale pink-red tinting occupying short segments. The fibers them- 
selves were unaltered. The remaining cellular, vascular and trabecular elements 
appeared as in the immediately preceding group. 

After 50 injections the groundwork around the reticular fibers was thicker and 
more deeply tinted, and formed a latticework, which was most pronounced around 
the follicles, being gradually lost in the pulp, where small similar appearances 
were noted. The walls of the sinuses were outlined by a thickened, perisinus, 
pink-red tinted, perifibrillary groundwork, which could not be distinguished from 
the increased, swollen littoral cells the cytoplasm of which was filled entirely with 
pink-red inclusions and the nucleus of which was pyknotic. The reticular cells 
presented a similar appearance. These cells lay adjacent to or overlying the 
thickened, tinted, reticular fiber groundwork. Macrophages were numerous but 
fewer than in the previous sections ; the outlines were indistinct, and the cytoplasm 
seemed to taper off into fine filaments which crisscrossed across tlie lumen of the 
sinus and were lost in the adjacent pulp. They were grouped and appeared fused 
in places, particularly in the perifollicular red pulp. Those within the sinuses had 
taken a position adjacent to the wall of the sinus, from which they could not 
clearly be distinguished in places. Their cytoplasm, like that of the littoral cells, 
was tinted uniformly a deep pink or pink-red, with a few' peripheral crystalline 
areas. The nuclei were generally fused and had indistinct outlines and a pyknotic 
appearance. The sinuses were still patpt but contained far fewer erythrocytes 
than in the preceding sections, and appeared narrowed. The follicles were small 
and irregular. In the outer wall of an occasional arteriole a few small pink-red 
crystalline granules appeared. These, however, frequently appeared within cells 
resembling reticular cells, so that it was impossible to say whether or not they 
were within the arteriolar wall. 

After between 55 and 65 injections the spleen was still smaller, dry and luster- 
less on cut surface a|id without grossly visible follicles. The cut surface, in thin 
sections, appeared as an interlacing coarse lattice of pink-red strands of varying 
width between which minute pinpoint-sized nodules could be distinguished indefi- 
nitely. Microscopically, the red and white splenic pulp was composed of huge 
masses of homogeneous deep red substance in which appeared, irregularly, isolated 
lymphocytes, a few immature leukocytes and a few distorted, dense masses of 
lymphocytes which suggested lymphoid follicles but showed no definable structure. 
Numerous spaces, either narrow and slitlike or somewhat dilated, containing ery- 
throcytes were seen in the red masses, lined only infrequently by flattened endo- 
thelial cells. Numerous macrophages, generally in agminate groups and with faint 
cell outlines, were seen in these masses. They blended indefinitely with the sur- 
rounding masses ; their nuclei were pyknotic and showed numerous bizarre forms. 
The arterioles were surrounded by homogeneous pink-red masses continuous with 
the remainder of the red masses of the sections. Their endothelial cells were 
hyperplastic, and their lumens were narrowed. The dense red masses were pene- 
trated bj-^ prominent trabeculae. 

In these sections and in the immediately preceding one both the metachromasia 
with methyl violet and the pink when treated with iodine were obtained, the 
latter color changing to gray-blue or pale green-blue on the addition of sulphuric 
acid as described also by Jaffe.^ In the sections of animals receiving more than 
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45 injections, the metachromasia with methyl violet was shown by the intracellular 
and fibrillar pink-red areas tinted by vital staining. The red tinting obtained 
on the addition of iodine and its subsequent tinctorial changes on the addition of 
sulphuric acid were evidenced only faintly by the larger intracellular inclusions in 
the macrophages, which appeared crj-stalline. 

The perifibrillary groundwork reticulum of the pulp and the perisinus wall 
and the littoral and reticular cells, which were red-tinted with the vital staining, 
were not tinted by the iodine. After less than about 45 injections no tinctorial 
changes were observed with iodine and only doubtful metachromasia with methyl 
violet was given by an occasional macrophage. The reticular fibers became frag- 
mented and finally disappeared as the surrounding groundwork increased in density 
and depth of color. 

Liver . — Like the liver of other small laboratory animals (rats, guinea-pigs and 
dogs), the liver of mice showed areas of cellular infiltration the significance of 
which is unsettled. Unlike these animals, however, these areas are comparatively 
infrequent in mice, are generally located around vessels in the portal field, are 
not sharply defined and are composed of lymphocj-tes and large mononuclears.® 
The Kupffer cells, while visible, are never prominent in sections from normal 
animals. No protoplasm is apparent as a rule, nor, normally, is there any evidence 
of phagocytosis.^® 

No structural changes were apparent grossly in the livers of the mice given 
injections throughout the experiment, nor were any demonstrable histologically 
until 20 injections had been given. Thereafter, until the thirtieth injection, two 
changes became manifest progressively in an almost quantitatively increasing man- 
ner. The Kupffer cells, previously inconspicuous and visible only as nuclei, 
increased in number and size, so that at the twenty-seventh injection they appeared 
as closely studded, rounded cells projecting into the sinusoidal lumen but still 
contiguous with the liver cords. Their cytoplasm was easily visible, unstained and 
finely granular; the nucleus, still densely basic, appeared as a well demarcated, 
round, eccentrically placed structure. These cells appeared most numerous in the 
central and midzonal portions of- the lobules. Surrounding nearly every central 
vessel there appeared a clear, narrow, slitlike space in which were polymorpho- 
nuclear leukocj'tes of adult form and a few small mononuclear cells. These cellular 
groups — few and arranged in linear manner at the twentieth injection — increased 
in number, so that at the thirtieth injection they appeared as wide collars of 
densely packed leukocytes around the endothelium of the central vessels compress- 
ing the surrounding parenchymal cords. The endothelial cells of the central vessels 
at this stage appeared swollen. The sinusoids of the pericentral third of the 
lobules contained moderate numbers of pol 3 'morphonuclear leukoev'tes and an 
occasional small mononuclear cell, the cellular content becoming less marked 
penpherad. These appearances will be referred to as precursorj- amjdoid changes 
in subsequent sections. 

After the thirtieth injection, the cellular infiltrative changes remained unchanged 
until the fiftieth injection, when, as the amyloid deposits increased, the cell masses 
slowh"- and irregularlj- became smaller, the cells fragmented so that after 65 
injections the perivascular infiltration appeared as nuclear fragments in the homo- 
geneous perivascular amjdoid. while in the adjacent sinusoids a few leukoev'tes 
were seen between the enormouslj' enlarged and numerous Kupffer cells. At no 

^ 9. Jaffe, Rudolf ; Anatomic und Pathologic der Spontanerkrankungen der 
kleinen Laboratoriumstiere, Berlin, Julius Springer, 1931, p. 233. 

10. Jaffe, R. H.; Arch. Path. 2:149, 1926; footnote 3. 
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stage was there any evidence of migration of any of the wandering cells through 
the endothelial lining of the central vessels. 

After 28 injections, some of the Kupffer cells showed small crystalline areas 
in the cytoplasm, radially arranged and irregularly located in the cell, with a 
tendency to appear centrally, either unstained or having a slight brown-pink color. 
The nucleus was somewhat less homogeneously basic, but no distinct chromatin 
structure was discernible. After 32 injections, these masses had assumed a more 
definite pink tint. Thereafter the tint became progressively deeper and changed 
gradually through a pink-red to an orange-red and finally to a deep red (51 injec- 
tions). Concomitantly, the crystalline masses increased in size to occupy the entire 
cell (47 injections), the crystalline appearance being still distinct. At this stage 
the central zone of the crystalline region had lost its crystalline appearance, now 
appearing as a homogeneous area, more deeply red. After 51 injections the greater 
portion of the red-tinted mass appeared homogeneous ; after 56 inj ections the cyto- 
plasm of the entire cell appeared homogeneous and deep pink-red. 

The nucleus meanwhile had become more vesicular (41 injections) and irregular 
in outline (SO injections), and finally appeared in fragments (62 injections) scat- 
tered at one end of the cell or as a compressed, elliptic, vesicular but heavily 
chromatic, irregularl 3 r outlined bodj' eccentricallj' displaced toward the liver cord 
surface. In this stage occasional cells with intact nuclei and with crystalline cyto- 
plasmic inclusions appeared free within the sinusoidal lumen. 

Until the fiftieth injection the outline of the Kupffer cells was distinct. There- 
after the cells appeared to fuse, so that large masses of either homogeneous red 
or, more infrequentl)^, crj'stalline pink-red substance appeared surrounded by 
several flattened nuclei. These masses lay in close apposition to the cords, com- 
pressed and caused some atrophy of the cords and partially occluded the sinuses. 
After the sixtj'-fifth injection homogeneous masses of this material, in which a 
few nuclear fragments were scattered, complctelj’^ filled many sinusoids ; the atrophj'- 
of the cord in these regions was pronounced. At no time did we observe any 
cellular lining separating the crystalline or homogeneous tinted masses from the 
lumen of the sinus, nor did the nodular and linear thickenings of the capillary 
walls, extracellularly, appear in our sections (as reported by Jaffe®). The fat 
droplet inclusion within the Kupffer cells and the giant cell formation of the tj'pe 
described by Jaffe were never apparent. 

After the thirtieth injection the endothelial cells lining the central vessels 
appeared swollen; the surrounding tissue was infiltrated with cells as described. 
The endothelial basement membrane seemed thickened but not pigmented or with 
overlying crystalline deposits. After 35 injections there appeared among these . 
cells a few large mononuclear cells similar to those described in the spleen. After 
the forty-eighth injection the perivascular infiltrate contained numerous such mono- 
nuclears, their cj’’toplasm containing crystalline pink-red inclusions. After 51 
injections there appeared homogeneous pink-red masses in this space. The endo- 
thelial basement membrane was definitely thickened and had assumed a red tint. 
There were, however, no crystalline masses -except those within the now numerous i 
and larger mononuclear cells, some of which appeared fused. 

The extracellular homogeneous masses quickly increased in width, the dis- 
continuous globules fusing rapidly so that in sections after the sixty-fifth injection 
most of the central vessels were surrounded by a zone, of varjdng width, of 
homogeneous, deep pink-red. glassy-looking substance in which were scattered 
nuclear fragments, a few faintly outlined mononuclears and polymorphonuclear 
leukocj'tes and a verj^ occasional small, faintly crj^stalline, pink-brown mass. Near 
the latter one or more flattened and generally fragmented nuclei were present; no 
cell outlines were, however, apparent. The basement membranes could no longer 
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be distinguished, the red collar extending from the surrounding atrophic hepatic 
cords to the swollen endothelial cells, the bases of which seemed lost in the pink-red 
zone. No tinting or crystalline, globular, vacuolar or homogeneous inclusions 
could be seen in the venous lining cells. 

Except for the compression and atrophic changes described in the hepatic cords, 
no relevant alterations were apparent in the liver cells. Even after 70 injections, 
we could observe no changes in the arterial walls. The cellular infiltration 
described by Jaffe, ifaximow i®-'' and others around the portal vessels showed no 
alterations in size, density or cellular character. 

Kidney. — The kidney becomes involved relatively late. In our animals no 
changes were demonstrable with any regularity until 35 injections had been given. 


T.^ble 1. — Degree of Amyloidosis in Albino Mice Follozcing the Stated Number of 

Injections * 


Kumber of , 

Injections 2o 

10 

17 

23 0 

24 

20 0 

SO 

32 -r 

85 

36 

42 -f-; 

45 

47 

45 

50 

51 J- .1. 

M 

01 

C2 

65 

66 

lO 

7S 

SO 

105 


" 0 indicates no amyloidosis; early amyloidosis; 4-4-, moderate amyloidosis; -r-4--r, mod- 
erately advanced amyloidosis; 4-4--r4-. advanced amyloidosis. 


when all the mice showed a moderate hyperplasia of the glomerular endothelial 
cells, with consequent narrowing or total occlusion of the capillarj- loops. In a 
lew glomeruli these cells had lost distinct outlines, appearing as a cytoplasmic mass 
containing varj-ing numbers of nuclei, their position in the glomerulus showing no 
regularity-. No thickening of the basement membrane or tinctorial changes were 
apparent, except for the appearance in the renal sections of one mouse of small 
pink-red crystalline areas (as described in sections of the spleen and liver) in the 
cytoplasmic zones of the fused, giant cell-like, intraglomerular areas. In the inter- 
stitial tissue surrounding such glomeruli were small foci of lymphocytes and a 
lew polymorphonuclear leukocytes. There 5vere no apparent changes in the tubules, 
vessels or interstitial tissue. 

Thereafter only the glomerular endothelial hyperplasia and the cellular infiltra- 
tion of the interstitial tissue were apparent in sections obtained after 38, 42, 48 and 


10a. ilaximow, A. A.; Textbook of Histology-, Philadelphia, W. B. Saunders 
Company, 1930, p. 392. 
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51 injections. After 56 injections had been given, small crystalline areas were seen 
in glomeruli presenting the appearance of the unusual example noted after the 
thirt 3 ’--fifth injection. In these sections a few giant cells in the interstitial tissue 
contained minute crystalline inclusions of a similar character, while here and there 
a few small, homogeneous, pink-red strands appeared among the leukocytic masses 
in the interstitium. These were chiefly in regions showing the macrophages. 

After 65 injections — at which point this experiment terminated— there were 
slightly more numerous extracellular deposits, and the intraglomerular deposits 
Avere larger and surrounded by nuclei — pyknotic or even fragmented. At no stage 
was there any evidence of change in the epithelial cells or of vascular alteration. 

Rats . — Following the technic described, seven rats were given 138 injections 
of sodium caseinate. They showed none of the clinical appearances associated with 
visceral amyloidosis. There was no evidence of anj^ of the changes described in 
the organs of our mice. The frequent focal necrosis and leukocytic infiltration of 
the liver and the widespread diffuse and focal polymorphonuclear leukocytic content 
in the sple^en have been described as of spontaneous occurrence. They maj’’ be an 
expression of spontaneous infection with Bartonella muris.” 


COMMENT 

Amyloidosis was produced in albino mice by the subcutaneous or 
intramuscular injection of a 5 per cent aqueous suspension of sodium 
caseinate. Im’-ariably, definite evidence of amyloidosis was obtained 
with from 30 to 32 inoculations and became more striking and more 
marked with successive injections. 

In the earliest stages, the amyloid appeared as radially arranged 
crystalline masses in the wandering macrophages and in the phago- 
cytic fixed tissue cells, such as the littoral and reticular cells of the 
spleen and the Kupffer cells of the liver. After a considerably later 
period, similar crystals were found in the SAVollen, proliferated and 
fused glomerular endothelial cells of the kidney. As the number of 
injections was increased, the intracellular amyloid increased in amount. 
It assumed a deeper red tint. It progressiA^ely lost its crystalline char- 
acter, changing to a homogeneous, glassy appearance. The first 
evidence of this appeared in the central portions of the deposits. Con- 
comitantly, necrobiotic nuclear changes appeared in the cells. The 
cells fused. The amyloid finally appeared as homogeneous masses, 
showing no cellular structure. These masses became continuous with 
the extracellular masses that had meanwhile developed. 

The final picture was one in which, depending on the number of 
injections, the visceral parenchyma was markedly compressed and 
atrophic between the masses, or Avas AA’holly replaced by the amyloid. 
The process made its first appearance in the spleen. FolIoAAung this, 
the liver Avas involved, and then the kidney (only to a far lesser extent 
and after a considerable lapse of time). The process progressed at a 



GRAYZEL ET AL.— EXPERIMENTAL AMYLOIDOSIS 


57 


much more rapid rate in the spleen than in the other organs. The 
suprarenal glands, the intestines and the other parenchymatous organs 
were involved in the process.^ 

Amyloidosis can be produced in certain animals by the parenteral 
introduction of a variety of substances. Although in most instances the 
inoculating material was of protein composition, yet in some cases it 
was non-nitrogeneous, as, for example, silicates and selenium. How- 
ever, whole protein compounds must be used, and not their intermediary 
or spit products. With the use of the latter, amyloidosis will not 
occur.^^ 

Furthermore, it was the number of injections and the duration of 
the administration of the material, and not the quantity introduced at 
each injection, that influenced the pathologic process. This was pointed 
out by Jaffe ® and confirmed by us. Whether 0.2 or 1 cc. of the solu- 
tion was used, the rate of production of this condition was the same. 

It must be added that, as will be shown in parts III and IV, diet 
exercises an influence on the production of amyloidosis. A thoroughly 
adequate diet and one containing an abundance of vitamins A and B 
will retard but will not prevent the development of this process. With 
different diets, the same animals will vary in their “time-response” to 
the formation of amyloid. Consequently, for comparative studies, the 
importance of similarity of the intake of food is obvious and has not 
been stressed at all. 

Although . there was a variability in the response of animals to 
the production and development of amyloidosis, yet, in our experience, 
all albino mice eventually acquired this disease. However, there are 
several species of animals in which, to date, and with present methods 
of production of amyloidosis, this condition cannot be produced. This 
difficulty was encountered by others.^- 

The mechanism iir the production of amyloidosis and the origin of 
amyloid are as yet unknown. Several explanations have been offered. 
By gathering all the known data, one can construct a plausible theory 
which to date offers a satisfactory explanation.^® 

The injected material can be dismissed as the possible source of the 
amyloid, or even as one of the contributors. In the first place, the 
amount introduced does not influence the rate of production of amy- 

11. Wells, H. G. ; Chemical Pathology, ed. 5, Philadelphia, W. B. Saunders 
Company, 1925, p. 469. 

12. (a) Lucke, B., and Markley, L. A. : Proc. Soc. Exper. Biol. & Med. 
25:642, 1928. {b) Robinson, B. L., and Thatcher, H. S. : ibid. 27:580, 1930. 

13. (a) Neuberg; Verhandl. d. deutsch. path. Gesellsch. 7:19, 1904. (b) 

Davidson, C: Virchows Arch. f. path. Anat. 150:16, 1897; 155:382, 1899; 192: 
226, 1908. (c) Dietl, K. : Beitr. z. Klin. d. Tuberk. 51:18, 1922. (cf) Letterer, 
E. . Zentralbl. f. inn. Med. 47:417, 1926. (c) Kuczynski.^ (/) Smetana.- 
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loidosis. It is wholly dependent on the number of inoculations and 
the period of time during which the irritant is administered. In the 
second place, the composition of the amyloid is independent of the 
chemical nature of the substance gir^en parenterally. Different protein 
compounds and, more striking still, certain nonprotein compounds and 
inorganic substances will produce amyloidosis and the deposition of prac- 
tically identical lardaceous material.’^^ 

That the injected substance causes an internal disorder is not ques- 
tioned. Its exact nature is unknown. Perhaps it produces a disturbance 
of protein metabolism. 

The introduction of a foreign toxic substance results in the destruc- 
tion of body protein. It was shown by klendel and Rockwood that 
the intravenous administration of edestin or casein to a dog caused 
the metabolism of protein which was far in excess of that ordinarity 
occurring in the dog plus that of the introduced protein. 

It has been definitely proved by chemical analysis that amyloid is 
a complex protein substance. Its mother substance must be of protein 
composition. This might be supplied from ingested protein, from 
“deposit protein” or from tissue protein. That an excessive and almost 
exclusive intake of protein might cause amyloidosis must still be con- 
sidered possible in view of Kucz3mski’s work.^ He, and later Smetana,^ 
produced amyloidosis in albino mice by the feeding of a rich protein 
diet of cheese, bread, protein from chicken eggs and milk. However, 
it is doubtful if it can be produced so readily, if at all, in other animals. 

It has been demonstrated by V oit and Landois that ingested pro- 
tein and deposit protein are readily metabolized, but that living tissue 
protein is quite resistant. This indicates that the organism is far better 
able to metabolize and dispose of the products of exogenous than of 
endogenous protein metabolism. Consequently, excessive destruction 
of tissue protein with liberation of such protein would place a severe 
metabolic burden on the animal. 

That protein can circulate in the blood and be transported from one 
tissue to another is proved by the work of Miescher.^® He showed 
that the marked development of the genital organs of starving salmon 
occurred as a result of the transportation in the blood of protein from 
the muscles. 

14. Ca)Kravkoff, N. P. : Arch. f. exper. Path. u. Pharmakol. 40:196, 1897. 

(6.) Hanssen, O.: Biochem. Ztschr. 13:185, 1908. (c) Moyeda, M.: Ztschr. f. 

physiol. Chem. 58:475, 1909. (d) Eppinger, H.: Biochem. Ztschr. 12,7:101, 1921. 

15. Lusk, G. : The Science of Nutrition, ed. 4, Philadelphia, W. B. Saunders 
Company, 1928, p. 194. 

16. Mendel, L. B., and Rockwood, E. W.: Am. J. Physiol. 12:350, 1904-1905. 

17. Quoted by I.usk.i"’ pp. 80 and 90. 

18. Quoted by Lusk,^'’ p. 80. 
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However, the infiltration of amyloid in certain tissues is more than 
a, simple precipitation or separation of circulating protein. The absence 
of universal deposition of amyloid in the organism, particularly at the 
beginning of the disease, and the constancy with which certain sites 
are elected suggest that some other factor or factors enter into this 
process. The early localization of amyloid material in the wandering 
and fixed cells of the reticulo-endothelial system in the spleen and liver 
shows an interaction which calls for an explanation. The intracellular 
inclusion of amyloid by the wandering macrophages and in the phago- 
c)fiic fixed tissue cells of the spleen and liver suggests phagocytosis by 
these cells of the circulating toxic protein. For a time only intracellular 
amyloid is evident objective!}'. This may denote absence or such insig- 
nificant amounts of extracellular material that they cannot be demon- 
strated histochemically. With the continued progression of the process, 
extracellular amyloid becomes apparent, and soon fuses with the amy- 
loid from the cells, which, about this time, undergo disintegration. The 
extracellular deposition of amyloid may be due to the exhaustion and 
inability of the fixed and wandering cells of the reticulo-endothelial 
system to cope with the increasing demands. Hypertrophy and hyper- 
plasia cannot go on indefinitely. Phagocytosis cannot keep pace with 
the continued supply of newly liberated to.xic protein. Supersaturation 
of this protein occurs. However, simple precipitation of the material 
will not explain the failure of generalized deposition of amyloid in all 
the crevices of the tissue and the occurrence of this deposit about the 
reticulo-endothelial cells. A more probable explanation ma}' be that 
the exhaustion, death and disintegration of the phagocytosed cells 
liberate ferments, enzymes or other chemical substances which are 
necessary for the precipitation and deposition of the extracellular amy- 
loid. It is probably more than a coincidence that the extracellular amyloid 
is observed just about the time that the phagocytic cells begin to 
disintegate. 

This I'aises the question whether the latter is actually a deposit 
product or a homogeneous fusion of the disintegrated phagocytic cells 
which have lost all trace of such cellular character. To date all histo- 
logic studies fail to disprove or negate the latter possibility. 

ir. RESORPTION OF AMYLOID 

The exact chemical composition of amyloid has not been determined. 
Difference of opinion still exists in regard to its constituents. Kravkoff 
and others considered its chemical nature that of a conjugated pro- 

19. Kravkoff. Friedreich, N., and Kekule, A. : Virchows Arch. f. path, 
Anat. 16:50. 1859. Kiihne, W., and Rudneff : ibid. 33:66, 1865. ' Oddi, R.: Arch, 
f. exper. Path. u. Pharmakol. 33:377, 1894. 
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tein, probably chondroitin-sulphuric acid. Hanssen and Henlein 
noted an excess of sulphur in the tissues containing the amyloid 
material. Howe^'er, when amjdoid masses were obtained in purer form, 
i. e., devoid of the surrounding tissue, and were analyzed, no sulphur 
was found.-^ In addition, Eppinger showed that this complex protein 
substance A^-aried in its composition and consisted of a number of dif- 
ferent amino-acids. 

The amyloid material in the tissues is an aggregate of complex 
protein molecules Avhich are not alwa3fs and permanently of the same 
composition. With its continued residence in the organs and in the 
presence of the factor inciting its formation, the amyloid material prob- 
ably undergoes certain chemical changes and become more stable. The 
occurrence of this transformation is indicated by the acquisition of addi- 
tional staining properties “ and its increasing resistance to digestwe 
ferments and to chemical changes.-- 

In man, once evident clinical signs of amyloidosis are present, the 
condition usually progresses and terminates fatally. As a rule, the 
underl3dng condition for the production of lardaceous changes is 
present. There are ver3^ few rejjorts of cases of the disappearance of 
am3doidosis and recovery.-- In all of these instances, complete and 
radical eradication of the suppurati^^e focus was accomplished before 
the regressive changes in the amyloid occurred. 

One of us (H. G. G.), with the administration of a powdered whole 
liver preparation, succeeded in obtaining clinical evidence of the dis- 
appearance of am3doid in the presence of active tuberculous suppura- 
tion of bone. The recession of the markedly enlarged liA^er and spleen 
in these cases, with the disappearance of other associated S 3 anptoms, 
was considered presumptiA^e eAudence of resorption of am 3 doid substance. 
A preliminar3^ report of these results Avas made b3’- Whitbeck.-® 

StephanOAvich and Dantschakow,^^ using living bacterial cultures for 
the production of amyloidosis, Avere unable to demonstrate resorption. 
This, hoAvever, may have been due to the continued presence of the 
infection after the cessation of the injections. 

Letterer^^^* did not obserA'e resorption in am3doidosis produced 
experimentall 3 ^ by the injection of sodium caseinate. 

On the other hand, Klebs and Wickmann Avere of the belief that 
amyloid could be resorbed, and Kuczynski " noted resorption in mice. 

20. Heinlein, H.: Arch. f. exper. Path. u. Pharmakol. 149:119, 1930. 

21. Eppinger.i^'’ Lucke, B.: Proc. Path. Soc. Philadelphia 42:19, 1921. 

Hanssen.’-^'’ 

22. Fox, A. R.: Brit. M. J. 1:571, 1924. Walker, G.F.: Lancet 2:120, 1928. 
Waldenstrom, H. : Acta chin Scandinav. 63:479, 1928. Schmidt." 

23. Whitbeck, B. H.: J. Bone & Joint Surg. 14:85, 1932. 

24. Quoted by klorgenstern.-® 
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Morgenstern,-® in his work with albino mice, concluded that resorp- 
tion of amyloid occurred spontaneously following the cessation of the 
injections of sodium caseinate and the lapse of a sufficiently long period. 

SPONTANEOUS RESORPTION OF AMYLOID 

In part III we shall call attention to the retarding influence of pow- 
dered whole liver on the production and development of amyloidosis. 
This, coupled with the apparently favorable effect of the liver prepara- 
tion on clinical cases of amyloidosis, led us to study more adequately 
the question of spontaneous resorption of amyloid and the role of 
the liver pi’oduct on this retrogressive process. 

METHOD 

Two hundred and forty albino mice were placed on a stock diet of powdered 
whole milk, bread and water. Five successive daily injections of a 5 per cent 
solution of sodium caseinate were given, and were oniitted during tbe next two 
days. This procedure was repeated weekly, the dose varying from 0.2 to 0.4 cc. 

Six cages, each containing forty mice, were segregated for this study. After 
20 injections, two cages were set aside. The mice in these two sets were no longer 
inoculated. One group was allowed to continue on the stock diet. To the stock 
diet of the other group, a powdered whole liver preparation, forming 10 per cent 
of the diet,-® was added. Similarly, after 29 and 40 injections, respectively, two 
groups of mice were isolated. 

After the cessation of the injections, two or three mice were killed at varying 
periods. In the case of groups 1 and 2, this method was carried out at the end 
of thirty, sixty-one, ninety-one, one hundred and nineteen and one hundred and 
seventy-five days. The mice of groups 3 and 4 were studied after twenty-eight, 
fifty-eight, eighty-nine, one hundred and nineteen and one hundred and sixty-one 
days, and the mice from groups 5 and 6 after thirty-one, sixty-three, ninety-one, 
one hundred and twentj'^-one and one hundred and forty-seven days. 

In this manner we were able to study the question of resorption of amyloid at 
various stages in the development of the process, and to compare the influence of 
the diet containing powdered liver with that of the stock diet. 

INTERPRETATION OF STAGES IN RESULTS 

In general, we have designated as precursory changes those appearances in 
the splenic or hepatic sections which antedate tbe appearance of tbe intracellular 
inclusions and tbe later extracellular, red-tinted, glassy-looking substance. 

Moderate amyloidosis designates tbe presence of larger intracellular, pink-tinted 

inclusions in the macrophages of the spleen. The littoral and reticular cells present 

similar smaller intracytoplasmic inclusions. A few thickened, pink-red, perireticular 

groundwork fibers may be seen in the pulp generally in regions showing the intra- 

sinus inclusions. The liver shows crystalline, pink-red, intracytoplasmic inclusions 

m a few enlarged and hyperplastic KupfTer cells, and perhaps a leukocytic collar 

around the eentral vein. 

— » 

25. Morgenstern, Z. : Virchows Arch. f. path. Anat. 259:698, 1926. 

26. Osborne, T. B. ; Mendel, L. B. : Washington, D. C., Carnegie Institution, 
3911, no. 156, pt. 2, p. 86. 
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Moderately advanced amjdoidosis is used to signify in the spleen larger extra- 
cellular pink-red masses deeper in color causing compression and later atrophy 
of the normal pulp and follicular elements. The liver shows more numerous 
Kupffer cell involvement and crystalline inclusions containing macrophages and 
extracellular red homogeneous masses among the perivascular leukocytes. 

Advanced am 3 doidosis indicates further advance of the extracellular masses to 
replace the greater portion of the spleen by homogeneous red masses in which 
fragmented macrophages, polymorphonuclear leukocytes and lymphocytes and dis- 
torted follicles and compressed sinuses are seen. In the liver most of the central 
vessels are surrounded b}' a mass of dense, acellular, homogeneous, pink-red sub- 
stance, and nearly every Kupffer cell contains large amounts of similar material. 
In very advanced cases small, crystalline, pink-red inclusions may be seen in the 
cytoplasm of fused and hyperplastic glomerular endothelial cells of the kidney. 


Table 2. — Resorption of Amyloid Under the Influence of the Stock Diet and a 
Stock Diet Containing Pozvdered Whole Liver* 



Number 

of 

1 Injections 

Pathologic 
Finding at 
Termination 
of Injection 

Diet During 
Period of 
Injection 

Diet During 
Period After 
Injection 

Pathologic Finding at Different Periods 
After Cessation of Injections 

Group 

1 

Mo. 

2 

Mos. 

Mos. 

4 

Mos. 

4% 5 

JIos. Mos. 

Mos. 

1 

20 

± 

Stock diet 

Stock diet 

-f- 

4“ 

■f 

-f 


± 

2 

20 

± 

Stock diet 

Stock diet 
and pow- 
dered liver 

+ 

-f 


± 

. . 

0 

3 

80 

-i- 

Stock diet 

Stock diet 

4* 

-f 

■f 

+ + 

4*4* "f 4*4* 


4 

30 

-t- 

Stock diet 

Stock diet 
and pow- 
dered liver 

± 

0 

0 

•± 

0 0 

• * 

5 

40 

-f-f 

Stock diet 

Stock diet 

-f-f 

-f-f 

-r-f 

-f-f 



6 

40 


Stock diet 

Stock diet 
and pow- 
dered liver 

+ 

-f 

± 

± 

zt 

" 


* indicates percursory amyloid changes; +, early amyloidosis; ++, moderate amyloido- 
sis; advanced amyloidosis. 


Control animals killed after 20 injections showed only the precursory splenic 
and hepatic changes. After 30 and 40 injections this group presented early and 
moderately advanced am 3 doid alterations, respectively. 

The results of this experiment are shown in table 2. 


COMMENT 

After the cessation of the injections, spontaneous resorption of 
am 3 doid in albino mice was noted only in the animals belonging to the 
group that had received very few inoculations and had shown only 
the precursory or the earliest evidences of amyloidosis (table 2). 
Those showing very definite signs of this condition failed to reveal 
any histologic evidence of retrogression. Furthermore, although the 
administration of the inciting agent was stopped, once definite amy- 
loidosis set in there occurred apparently an accentuation of this process. 
After a varying period there was more marked and more extensive 
microscopic evidence of amyloidosis. 
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In view of the discontinuance of the injections, the more marked 
objective evidence of amyloidosis that was noted histologically may be 
due to one of two possibilities. The mere withdrawal of the external 
agent that provoked the destruction of tissue protein does not neces- 
sarily cause an immediate cessation of the morbid process. The latter, 
once initiated, may continue for some time and thus increase the 
amount of amyloid in the tissue. Another explanation may be offered. 
The material contributing toward the formation of amyloid undergoes 
chemical change during its residence in the tissue. With successive 
transformations it becomes more visible or can be more readily demon- 
strated by the present methods of staining. 

On the other hand, after the inoculations were stopped, resorption 
of amyloid in early and in moderate cases of amyloidosis was observed 
in albino mice that were given a diet to which a preparation of powdered 
whole liver had been added. ^Moderately advanced and advanced cases 
of amyloidosis failed to show any evidence of retrogression of this 
process. 

As mentioned, the amyloid material undergoes chemical change in 
the tissiie, and apparently becomes increasingly more stable and more 
resistant to disintegration and decomposition. This probably accounts 
for the failure of spontaneous resorption except in the earliest stages, 
and of resorption following the use of the liver product in the animals 
in which the changes progressed to the stage of moderately advanced 
amyloidosis. 

The favorable influence of the powdered whole liver on resorption 
may be due to the presence of an active potent principle in the liver, 
or to its abundant supply of reticulo-endothelial cells with its chemical 
products. The probable important role of the reticulo-endothelial system 
with its fixed and wandering cells in this pathologic condition was 
described in part I. 

AVhatever may be the final explanation, there is a retarding influence 
of the powdered whole liver on the formation and production of amy- 
loidosis.^^'^ Resorption is accelerated by liver once the injections are 
discontinued, provided that advanced amyloidosis has not set in. 

III. INFLUENCE OF DIETARY INGREDIENTS AND INGESTED 
CHEMICAL SUBSTANCES ON THE PRODUCTION 
OF AMYLOIDOSIS 

Since the basic nature of this disorder is metabolic, qualitative dif- 
ferences in diet may exercise an influence on the disease. Conse- 
quently, the role of diet, certain chemical substances, a desiccated rvhole 
liver preparation and two specific fractions of the liver was investigated. 

Kuczynski ^ was the first to describe the production of amyloidosis 
by the feeding of a diet consisting almost exclusively of cheese. This 
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was confirmed by Smetana," but not b)^ others."^ Jaffe ^ noted the 
retardation of the production of amyloidosis by the addition of small 
amounts of cholesterol to the diet. Except for these studies, investi- 
gators in this field did not concern themselves with the role of diet. In 
fact, they did not even mention the nature of the food which was given 
the animals. 


METHODS AND RESULTS 

Thirteen different studies were carried out (table 3). The same procedure 
was employed as outlined in part I, 

1. Stock Diet. — The results in these groups of mice are described in part I. 

2. Adequate Diet.^^ — This group consisted of sixty mice. The diet included: 
3 "ellow cornmeal, 64 Gm. ; linseed meal, 10 Gm. ; commercial casein, 6 Gm. ; ground 
alfalfa, 2 Gm. ; sodium chloride, 9.5 Gm. ; calcium carbonate, 0.5 Gm. ; whole 
powdered milk, 15 Gm., and cod liver oil, 2 Gm. 

Pathologic studies were carried out after 33, 42, 47, 56, 62, 80 and 89 injections 
of sodium caseinate. 

No changes were apparent until after 62 injections, at which time the spleen 
showed earl}'- evidences of amyloidosis. The liver and kidneys remained unaltered. 

After 81 injections moderate amyloidosis set in. This condition became more 
marked with an increasing number of inoculations. 

3. Stock Diet Plus Pozodered Whole Liver.-^ — Two groups of forty mice each 
were placed on the stock diet to which was added powdered whole liver, the latter 
forming 10 per cent of the total diet. All of them were given injections of 5 per 
cent suspension of sodium caseinate according to the routine procedure. 

Two mice were killed at successive intervals after 32, 42, 56, 62, 66, 78 and 
105 injections. After 66 injections early evidences of amyloidosis were noted. 

In this group no histologic alterations were apparent in the spleen until after 
the forty-second injection. At this time the spleen showed the appearances noted 
in group 1 before the thirty-second injection. After 56 injections the appearance 
was that of the spleen of group 1 at the thirty-second injection stage, while not 
until 66 injections had been administered did definite amyloid, in amounts approxi- 
mately equal to that seen in group 1 after the forty-second injection, appear in 
the spleen. 

Likewise, no hepatic changes were apparent until after the fifty-sixth injection, 
Avhen the appearance was that observed in animals of group 1 after the thirty- 
second injection. After 66 injections had been given, the sections of the liver 
presented the picture of animals of group 1 after 42 injections. No renal changes, 
except for a moderate glomerular endothelial cell hyperplasia, were apparent even 
after the sixty-sixth injection. 

4. Stock Diet zoith the Addition of Ground Beef Meat.— To the stock diet 
ground beef meat, forming 10 per cent of the total diet, was added and fed to a 

27. Strasser: Ztschr. f. d. ges. exper. IMed. 36:381, 1923. Morgenstern.^s 

28. The diet is based on the recommendation of H. Steenbock (Science 58:449, 
1923) for a well balanced diet. 

29. The preparation of desiccated whole liver is so made that 1 Gm. is obtained 
from 8 Gm. of raw fresh liver. 
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group of forty albino mice. The inoculations with 5 per cent nutrose suspension 
were performed in the usual routine manner. After 32, 36, 42, 56, 62, 66, 78 and 
105 injections, respectively, two mice were killed and studied. 

Amyloidosis was noted after 32 injections, and with successive injections 
increasing amounts of amyloid was observed. 

The findings here corresponded to those obtained in group 1 (stock diet). 

5. Stock Diet ivith the Addition of Liver Extract No. JdS.^O— Fifty albino mice 
were placed in this group. The diet consisted of 1 part of powdered liver extract 


Table 3. — Influence of Diet and Dietary Factors and Ingested Chemical Sub- 
stances on the Production of Amyloidosis 
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no. 343 and 24 parts of the stock diet. Two or three mice were killed after 24, 31, 
39, 46 and 56 injections. 

No amjdoidosis was noted after 24, 31 and 39 injections. Following the forty- 
sixth injection, there were moderate amyolid changes in the spleen and early 
amyloid changes in the kidneys. 


6. Stock Diet with the Addition of Liver Extract zuith Ferrous Ammonium 
Citrate.^^ Fifty albino mice were placed in this group. One part of liver extract 
with ferrous ammonium citrate to 29 parts of the stock diet was fed to the mice. 
Injections of a 5 per cent solution of sodium caseinate were given in the usual 
manner. 


30. One gram of this preparation is prepared from 25 Gm. of raw fresh liver. 

31. One gram of this preparation is prepared from 30 Gm. of raw fresh liver 
and 0.17 Gm. of ferrous ammonium citrate. 
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In these two studies, approximately equivalent amounts of the products obtained 
from raw fresh liver were added to the stock diet. ^ 

The mice in this group fared badly. A rapid decline in their health occurred 
as evidenced by their appearance, behavior and appetite, and by the high mortality' 
Three mice were killed after 11 injections, and two mice after 24 injections After 
the latter period, none survived. The killed mice showed no evidence of amyloidosis. 

It was decided to repeat this experiment with another group of forty mice in 
order to study the possibility of infection or some other unknown factor as a cause 
of the early death of the mice. However, the results were the same. After 23 
injections, only two mice were alive, and these showed no amyloidosis when killed, 

7. Stock Diet zmth the Addition of Cholesterol . — A diet consisting of 0.8 Gm. 
of powdered cholesterol (Eimer and Amend) to 100 Gm. of the stock diet was 
fed to a group of fifty mice. The mice were killed after 24, 31, 39 and 46 
injections. 


There was no evidence of amyloidosis after 24 and 31 injections. Following 
the thirty-ninth injection moderate splenic amyloid and slight perivascular intra- 
cellular hepatic amyloid were observed. After the forty-sixth inoculation moderate 
perifollicular and intrapulp splenic amyloid and slight perivascular intracellular 
hepatic amyloid could be demonstrated. 


8, Stock Diet zaifh the Addition of 1 or 2 Per Cent of Sodinvi Acid Phosphate. 
— Two groups of forty mice each were given the stock diet, with the addition of 
sodium acid phosphate, one set receiving 1 per cent of the total food in the form 
of the acid salt, the other 2 per cent. In the former group, none of the mice 
survived longer than twenty-six days on this diet, during which time 20 injections 
were given; in the latter group all were dead after 15 injections and a period 
of twenty-one da 3 's on the diet. None of the mice killed after IS and 20 injections 
showed evidences of am 3 doidosis. 

A control group of twenty uninoculated mice were placed on the diet containing 
2 per cent of the acid salt. These mice apparently thrived on this diet. At the 
end of a period of two hundred days, they were still alive. 

The urine was repeatedly tested with litmus and was found acid. 

9. Stock Diet ivifh the Addition of 1 or 2 Per Cent Sodium Bicarbonate.— Two 
groups of forty mice received the stock diet, which contained sodium bicarbonate. 
In the case of one group, 1 per cent of the alkali salt was added to the diet; in 
the second group, 2 per cent of the salt. None of the mice survived more than 
27 injections or after receiving the diet for thirty-six days. The urine became 
alkaline to litmus rvithin seven days. The control group of twenty mice, which 
did not receive the inoculations, still lived at the end of two hundred days. 

No evidence of amyloidosis was noted in the mice that were killed. 


COMMENT 

On the ordinary stock diet, definite amyloidosis was produced in all 
albino mice after from 30 to 35 injections. The condition became pro- 
gressively more marked with the increasing number of injections. 


in 


32. Cholesterol was added m amoimts approximaling those used by Jaffe » 
order to repeat his work and to eompare its influence with the substances utthred 


in our investigation. 
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On a highly adequate diet, the mice failed to show any evidences 
of amyloidosis until they had received 62 injections. Furthermore, it 
was only after 81 injections that they showed definite signs. 

This demonstrates the highly preventive character of such a diet, 
and the important role that diet may play in this disease. It is possible 
that the failures of some of the investigators in the production of amy- 
loidosis in albino mice and in other animals may have been due to their 
lack of consideration of the role of dietary factors. 

The addition of powdered whole liver to the stock diet also caused 
significant retardation. The first suggestive signs of amyloid forma- 
tion appeared after the fift 3 '^-eighth injection. Such an efifect was not 
obtained when ground beef meat, liver extract no. 343, liver extract 
with ferrous ammonium citrate or cholesterol was included in the 
stock diet in place of the desiccated whole liver. 

That the marked delay in the formation of amyloid in mice receiving 
the powdered whole liver is not due to the inclusion of animal meat or 
protein in the diet is evidenced by the absence of such protection in 
the mice receiving the addition of ground beef meat. Consequently, it 
is due to some other factor or factors in the whole liver, Avhich, further- 
more, are not present in liver extract no. 343 and liver extract with 
ferrous ammonium citrate. The rich vitamin content of liver may be 
the determining factor, in view of the retarding influence of vitamins 
A and B (part IV). Another possibility is the presence of an active 
principle in the liver. The possible manner in which the liver exerts 
its beneficial effect is discussed in part II. 

The effect of the addition of a weak acid or base to the stock diet 
cannot be studied satisfactorily in view of the early death of the mice. 
However, such additions do not accelerate the formation of amyloid, 
but in conjunction with the inoculations seem to impair the health of 
the animals. 

IV. INFLUENCE OF VITAMINS ON THE PRODUCTION 

OF AMYLOIDOSIS 

The possibility that the qualitatii'^e nature of the diet might influence 
this process was considered worthy of study. In the preceding section 
evident retardation of the development of amyloidosis was noted with 
certain diets. Furthermore, delay in the production of amyloidosis 
occurred in the group whose stock diet included desiccated powdered 
whole liver. Ordinarily, on the so-called stock diet, Avhich consisted of 
powdered whole milk and finely ground white bread, definite amy- 
loidosis set in after from 30 to 35 injections of a 5 per cent suspension 
of sodium caseinate. With the diets contributing toward the retardation 
of the condition, am)4oidosis did not appear mntil much later, sometimes 
not until after 66 injections. Each of the diets mentioned had one 
thing in common. They all contained an abundance of vitamins A, B 
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complex and D. The present investigation was undertaken with the 
object of determining if a single vitamin or a specific combination of 
them was responsible for the effect. 


METHODS AND RESULTS 

The experiment was carried out in two parts. The first consisted of the use 
of a synthetic diet with the addition of single vitamins and various combinations 
of them In the second study, the vitamins were added to the stock diet consisting 
of powdered whole milk and ground white bread. 

Part A: Synthetic Diet and Vitamins. — Sixteen groups of albino mice were 
formed, each containing thirty animals. The synthetic diet was composed of 
31 per cent commercial casein, 40 per cent corn-starch, 22 per cent lard and 7 per 
cent salt mixture.^^ The diets fed the group were as follows : 


{A) Synthetic diet^^ 

{B) Synthetic diet plus 10 per cent butter fat (vitamin A) 

(C) Synthetic diet plus 5 per cent powdered yeast (vitamin B) 

{D) Synthetic diet plus orange juice (60 cc. per 100 cc. of tap water) 
(vitamin C) 

(£) Synthetic diet plus 1 per cent viosterol (vitamin D) 

(jF) Synthetic diet plus butter fat plus yeast (vitamins A and B) 

(G) Synthetic diet plus butter fat plus orange juice (vitamins A and C) 

{H) Synthetic diet plus 5 per cent cod liver oil (vitamins A and D) 

(7) Simthetic diet plus butter fat plus 3 ’east plus orange juice (vitamins A, B 

and C) 

(/) Synthetic diet plus cod liver oil plus yeast (vitamins A, D and B) 

(/v) Synthetic diet plus cod liver oil plus orange juice (vitamins A, D and C) 
(L) Synthetic diet plus yeast plus orange juice (vitamins B and C) 

(ilf) Synthetic diet plus yeast plus viosterol (vitamins B and D) 

(A) Synthetic diet plus yeast plus viosterol plus orange juice (vitamins B, C 

and D) 

(O) Synthetic diet plus viosterol plus orange juice (vitamins C and D) 

(P) Synthetic diet plus cod liver oil plus yeast plus orange juice (vitamins A. 

B, C and D) 


The routine procedure for the production and study of amyloidosis which was 
described in part I was carried out. The animals were killed and studied at inter- 
vals as shown in table 4. The duration of the study was limited by the failure 
of the animals to survive when subjected to injections of sodium caseinate sus- 
pension while on the synthetic diet. Some of the groups succumbed so rapidly 
that these phases of the experiment were repeated. 

Part B ■ Stock Diet and Vdamins.—Tbe failure of maintenance of mice on the 
synthetic diet for a sufficient period of time for satisfactory study of the influence 
of vitamins on amyloidosis led to a similar study on mice given what is apparently 


33. Mitchell, H. S., and Mendel, L. B. : Am. J. Physioh 58:211 192L 

34. The diet is based on the standard diets for mice described by Mitchell 
and Mendell^s and by Beard (Am. J. Physiol. 75:645, 1926). 




Fig. 1. — Microscopic appearance of the spleen after injections of sodium casein- 
ate. A, the spleen after 36 injections of nutrose, showing 4 uninucleated (o) and 
1 multinucleated macrophage (6) in the pulp sinus. The cytoplasm of the former 
was tinted deep pink-orange, that of the latter deep red. The latter cell shows 
poorly defined cellular and nuclear outline and some nuclear fragmentation. This 
stage just precedes the first appearance of extracellular amyloid ; X 400. B, the 
spleen after 46 injections of sodium caseinate, showing a much enlarged, poorly 
outlined, multinucleated macrophage (a) in the splenic pulp. The cell outline 
can clearly be seen only m a few places; elsewhere along the periphery, it merges 
with adjacent thickened reticular groundwork amyloid fibers; X 400. C, the 
spleen after 54 injections of sodium casemate, showing a mass of homogeneous 
amyloid within a pulp sinus, distending it and fusing at its upper end with an 
adjacent thickened sinus wall (a). Two very faintly outlined macrophages (b), 
their nuclear outlines only visible, can be seen in this zone ; X 400 D, the spleen 
after 42 injections of sodium caseinate, showing thickened strands (a) of reticular 
groundwork fibers in the perifollicular zone (fig. 2 A). These strands, as 
well as those in the following photomicrographs, assumed the specific pink-red to 
red tint with Congo red; X 80. 
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Table 4.- 


-Snmmary of Pathologic Findings in Albino Mice on Synthetic Diet and 
Combinations of Vitamins 
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* 0 indicates no amyloidosis; doubtful amyloidosis; +, early amyloidosis; ++, moderate 
amyloidosis. 


Table S. — Summary of Pathologic Changes in Albino Mice on Stock Diet and 

Combinations of Vitamins'^- 
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* 0 indicates no amyloidosis; + .early amyloidosis; -f +. moderate amyloidosis; +++, mod- 
erately advanced amyloidosis; +-}-++. advanced amyloidosis. 


a more satisfactory diet, namely, our so-called stock diet. This diet consisted of 
40 per cent ground white bread and 60 per cent powdered whole milk. 

Eight groups of twenty-eight albino mice each were formed. The diets fed 


were as follows: 


(A) Stock diet of powdered whole milk and ground bread 

(B) Stock diet plus 0.5 per cent carotene solution a- (vitamin A) 


35. von Euler, B.; von Euler, H., and Hellstrom. IL: Biochem Ztschr 203: 
^70 1928 von Euler B. : von Euler, H., and Karrer, P. : Helv. Chim. Acta 
S, Mo^l V Bioce., J. 23:807 1929; 24:692, 1930^: 25:271 
Collison, D. L.; Hume, E. M.; Smedley-Maclean I- ^ H_H.. ibid. 23 

634, 1929. Horae, E. M, a„d Smith, H. H. .bid. 22:504, 1928, Capper, N, S,. 
ibid. 24:980, 1930. 
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(C) Stock diet plus 5 per cent cod liver oil (vitamins A and D) 

(Z?) Stock diet plus 1 per cent viosterol (vitamin D) 

(£) Stock diet plus 5 per cent brewer’s powdered yeast (vitamin B complex) 
(A) Stock diet plus carotene solution plus powdered yeast (vitamins A and B) 
(G) Stock diet plus powdered yeast plus viosterol (vitamins B and D) 

{H) Stock diet plus cod liver oil plus powdered yeast (vitamins A, D and B) 

The results are given in table 5. 

COMMENT 

The albino mice on the synthetic diet, without or with one or more 
vitamins, did not survive a sufficient period to determine the influence 
of the accessor}'^ food substances on the production of amyloidosis. 
Practically all of them died before 30 to 35 injections were given. The 
combination of the injections of sodium caseinate suspension and the 
unsuitable diet made maintenance of life impossible. The control groups 
(uninoculated) lived from sixty-two to one hundred and eleven days, 
whereas the groups given injections died within from thirty-one to fifty- 
four days. Only two groups (one receiving vitamins A and B and one 
vitamins A, B and C) lived beyond this period, but did not show amy- 
loidosis after 42 and 67 injections, respectively. Furthermore, although 
the synthetic diets were inadequate under the established conditions, 
there was no evidence of early amyloidosis and therefore of an accelera- 
tion of the onset of this disease. 

Of the mice fed the stock diet, most groups showed amyloidosis 
after from 30 to 35 injections. However, animals the diet of which 
contained vitamins A and B showed definite retardation of the pro- 
duction of amyloidosis. The group receiving vitamins A and B showed 
no amyloid after 75 injections; the group fed vitamins A, B and D 
revealed early amyloidosis after 43 injections, none after 50 injections 
and again slight evidence after 57 injections. The early changes after 
43 injections are explained b)'^ the fact that the mice selected for exami- 
nation appeared ill and in poor physical condition. This illustrates the 
individual variability in susceptibility to amyloidosis. 

Various studies have been made in animals deprived of vitamins A 
and B, and from our incomplete knowledge of the possible role of 
these vitamins and their effect on tissues we may hypothesize as to the 
relationship of amyloidosis. 

McCarrison noted that lack of vitamin A produced functional and 
degenerative changes in every tissue of the body, including the spleen, 
intestines, liver and kidneys. 

36. AIcCarrison, R.; Brit. AL T. 1:177, 1919; Indian J. AI. Research 7:167 
and 188, 1919. 
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Wolbach and Howe observed that in man and in the rat, depriva- 
tion of vitamin A results in striking epithelial changes. Normal epi- 
thelium of the respiratory tract, gastro-intestinal tract, eyes, para-ocular 
glands and genito-urinar}'’ tract are replaced by stratified keratinizing 
epithelium. Wason and Yudkin and Lambert described such changes 
in the eyes. Mori noted this change in the mouth, larynx and trachea 
and the glands. 

Findlay and MacKenzie showed that in rats deprived of vitamin 
A there occur almost complete replacement of the hematopoietic tis.sue 
by fibrous tissue and a marked decrease in leukocytic cells. 

The importance of vitamin A in the diet for regeneration of blood 
was reported by Koessler and his associates.^- Damianovich and his 
co-workers showed that absence of vitamin A or B in the diet pro- 
duces a progressive anemia. Abderhalden reported a marked decrease 
in red blood cells in pigeons deprived of vitamin B. Cramer and his 
associates stated that lack of vitamin B causes atrophy of the lymphoid 
tissue throughout the bod}^ and lymphopenia in the blood. 

Butcher asserted that vitamin B is a metabolic stimulant. Its 
absence caused a decrease of the catalase content of the tissues, a 
depression of tissue oxidation and an accumulation of toxic metabolic 
products. Bickel ■*’ contended that absence of vitamin B causes a pro- 
gressive loss of the power of synthesis and storage of digestive products. 
Findlay expressed the belief that vitamin B is necessary in the 
synthesis of nucleic acids. Rohr found that in the absence of vitamin 
B there occurs a decrease of respiratory activity in the kidney, liver, 
brain and muscle. Jorstad showed that large additions of vitamin A 
stimulate the formation and growth and prolong the life of fibrobla-sts, 
endothelial cells and other cells that are attracted to the local area 

37. Wolbach, S. B., and Howe, P. R. : Arch. Path. 5:239, 1928. 

38. Wason, I. M.; J. A. M. A. 76:908, 1921. 

39. Yudkin, A. M., and Lambert, R. A.: Proc. Soc. Exper. Biol. & Afed. 19: 
375, 1922. 

40. Mori, S.: Bull. Johns Hopkins Hosp. 33:357, 1922; Am. J. Hyg. 3:99, 
1923. 

41. FindIa 3 ^ G. M., and MacKenzie, R. D.: J. Path. & Bact. 25:402, 1922. 

42. Koessler, K. K.; Alaurer, S., and Loughlin, R. : J. A. At. A. 87:476, 1926. 

43. Damianovich, H. ; Branchi, A., and Savazzina, L. A.: Compt. rend. Soc. 
de Biol. 88:377, 1923. 

44. Abderhalden, E. : Klin. AVchnschr. 1:160, 1922. 

45. Cramer, W.; Drew, A. H., and Atottram, J. C. : Lancet 1:963, 1921; 2: 

202, 1921. , ^ 

46. Dutcher, R. A.: J. Biol. Chem. 36:63 and 551, 1918; Proc. Nat. Acad. Sc. 

6:10, 1920. 

47. Bickel, A.: Klin. AVchnschr. 1:110, 1922. 

48. Findlay, G. AL: J. Path. & Bact. 24:175, 446 and 454, 1921. 

49. Rohr, F.: Ztschr. f. Physiol. Chem. 129:248, 1923. 

50. Jorstad, L. H. : J. Exper. Aled. 42:221, 1925. 
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where coal tar has been injected. According to him. vitamin A pro- 
tects the cells against the toxic action of the tar and retards their dis- 
integration. Burrows and Jorstad asserted that for growth of body 
cells a certain substance or substances, believed by them to be identical 
with vitamin B, were necessary. Furthermore, for extracellular for- 
mation in general and for growth and proper structure and function of 
life, a certain soaplike substance is necessary. This substance is identi- 
cal with vitamin A. To prevent depletion of this valuable material 
vitamin A must be supplied. 

Summarizing, we may say that deprivation of vitamins A and B 
leads to functional and structural changes in various organs, including 
the spleen, liver and kidney, the hematopoietic tissue and the lymphoid 
tissue. In addition, various metabolic disturbances are produced, such 
as decreased oxidation, loss of the power of synthesis and storage of 
digestive products and nucleic acids. Furthermore, there occurs a 
decreased response to the introduction and elimination of toxic material 
with early degeneration of the fibroblasts, endothelial cells and other 
cells. Lastly, inadequate growth and improper general bodily functions 
result. 

These investigations deal with disturbances produced by absence of 
the vitamins from the diet. It is possible that the supply of these two 
vitamins in large amounts may cause not only a restoration to optimal 
normal conditions, but also an enhancement of all of these normal 
physiologic processes. 

In part I a conception of the possible mechanism for the produc- 
tion of amyloidosis was stated. The nature of this condition was con- 
sidered to be one of a severe and prolonged disorder of endogenous 
protein metabolism. The abnormal destruction of tissue protein resulted 
in the production of chemical products which were not readily metabo- 
lized to a form which would be utilized or eliminated easily. Failure 
of disposal of these at a rate commensurate with their formation 
resulted in their deposition in the tissues. 

Carrying this idea further, it may be said that an animal under such 
conditions is under a strain, and must mobilize all its resources for 
coping with the amyloid precursor. It is successful in meeting the dis- 
turbance and in preventing or retarding amyloidosis to the extent to 
which it can obtain maximal and optimal function of all the available 
agents. 

An explanation which may account for the retarding influence of 
vitamins A and B on amyloidosis ma}'' be suggested. Vitamins A and B 
play an important role in certain general metabolic processes, and in 
the satisfactory function and growth of organs (the spleen and liver) 


51. Burrows, AL T., and Jorstad, L. H. ; Am. J. Physiol. 77:24, 1926. 
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and tissues (the hematopoietic and mesenchymal tissue). Amyloidosis 
IS a metabolic disease in which the reticulo-endothelial cells participate. 
Consequently, an animal will deal more successfully with a disorder 
when It receives adequate amounts of food factors which are necessary 



Rig, 2 — J^Iicroscopic appearance of the spleen after injections of sodium case- 
inate. A, a higher power photomicrograph of figure 1 D, showing the relation of 
the thickened amyloid fibers (a) to the pulp lymphocytic cells; X 400. B, the 
spleen after 48 injections of sodium caseinate, showing a perifollicular ring of 
moderate amount of homogeneous amyloid. There is no follicular compression or 
atrophy; X 80. C, the spleen after 56 injections of sodium caseinate, showing a 
vastly increased amount of amjloid, still arranged perifollicularly, with marked 
compression atrophj* of the follicle ; X 80. 
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for satisfactory metabolism and function of tissues concerned in this 
disturbance. 

A minimal number of injections are required, and a certain period 
of time must elapse before amyloidosis sets in even with inadequate 
diets or with diets lacking one or all A'itamins. It seems, further, that 
amyloid-like or precursory amyloid changes may be taking place with- 
out more than suggestive fixed and wandering cellular morphologic 
changes in organs being apparent. When, however, an apparent thresh- 
old, possibly the resultant of the defense-enhancing factors for the 
reticular system and the metabolic disturbance, is exceeded, the amy- 
loid suddenly becomes visible in large amounts without going through 
the progressive phases of its usual morphogenesis. This view seems 
indicated from the results of this experiment (table 2. group 6). Such 
a view may further explain the well known individual variability shown 
by animals. 

SUMMARY 

Amyloidosis can be produced in all albino mice by subcutaneous or 
intramuscular injections of a 5 per cent aqueous suspension of sodium 
caseinate. 

The earliest amyloid appears within the fixed and wandering cells 
of the reticular system. As these cells disintegrate, extracellular amy- 
loid appears, grows in amount and finally replaces the parenchyma of 
the organ involved. 

Amyloidosis is probably the result of an endogenous protein 
metabolic disturbance. When the rate of formation of these catabolic 
products exceeds the ability of the tissues to dispose of them, amyloid 
appears. 

With the present technic, amyloidosis cannot be produced in albino 
rats. 

Except in albino mice showing precursory or very early evidences 
of amyloidosis, no spontaneous resorption of amyloid in definite cases 
of amyloidosis was observed. Albino mice given a preparation of 
powdered whole liver in their diet showed resorption only when the 
degree of amyloidosis was no more than moderate. No retrogression 
of the disease was noted in advanced cases. 

Comparative studies indicate that a well balanced, thoroughly 
adequate diet exercises a retarding influence on the production of 
amyloidosis. 

The addition of a preparation of desiccated powdered whole liver 
to the stock diet results in delay of the formation of amyloidosis. 

Inadequate or deficient diets do not accelerate the development of 
am 3 ^ 1 oidosis. 

Mice fed a synthetic and the so-called stock diet to which vitamins 
A and B were added showed definite evidence of retardation of the 
production and formation of amyloidosis. 
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THE LUNGS AND THE MACROPHAGE SYSTE^^I 

B. M. FRIED, M.D. 

NEW YORK 

Reactions to infection depend on the nature of the infectious material 
(the antigen), the species of the animal infected, the route of infection 
and also on whether the infection occurred for the first time (normergic 
or allergic reaction). 

The remarkable phenomenon in the process of local reaction to infec- 
tion is the rapid accumulation in the affected area of cells which pre- 
viously were present in scant numbers. The nature and origin of this 
cellular “deluge” has been and remains the bone of contention among 
investigators. 

With the inauguration of the conception of “cellular pathology” the 
theory of the specificit}^ of cells according to the germinal layer has not 
been appreciated. For example, in order to explain the occurrence of 
different varieties of tumors, Virchow devised the theory of metaplasia 
whereby “one well characterized tissue transforms itself into another 
equally well characterized but morphologically and functionally dif- 
ferent.” He disputed that carcinoma originates from epithelial tissues, 
and up to the end of the century he supported the erroneous observation 
that Gaucher’s disease is a primary epithelioma of the spleen whereby 
the large “epithelial” cells of which the splenic tumor is made up 
originate through metaplasia of the connective tissue of the spleen. 
Pathologists were formerly opposed to Cohnheim’s conception of the 
diapedesis of cells in inflammation, believing that the white blood cor- 
puscles always originate in situ. They likewise disputed the teaching of 
the “proclivities” of the macrophage, Avlfich appeared to them to be 
rather grotesque. 

Cells of which an inflammatory exudate is made up consist of 
red and white corpuscles, namely, polymorphonuclear leukocytes 
(granulocytes) and mononuclear cells consisting of lymphocytes, 
monocytes and macrophages. Whereas the immediate source of the 
erythrocytes and the granulocytes is commonly accepted as being the 
circulating blood, the genesis of the large mononuclear phagocytes is 
debatable. 

Metchnikoff, who was the first to stress the role of the mesenchyma 
and to identify the mesodermal cells as the essential elements in the 

From the Laboratory for Surgical Research, Harvard University Medical 
School, Boston, and the Division of Medicine, Montefiore Hospital, New York. 
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field of inflammation, maintained that they originate from the local con- 
nective tissue, from the endothelium lining the capillaries and irom 
xFiq circulating hlood. ^Xallorv tvas among the earlier obsert ei s ho 
adhered to the conception that the large mononuclear phagoctnes always 
originate from the endothelial cells lining the blood vessels, and 
accordingly he designated them as endothelial leukocrtes. This theorv' 
was advocated particuiarlv bv Harthom. Permar. and b} Foot, and it 
dominated the teaching of pathology- in this countrv- for more than a 
quarter of a centurv-. Sabin and her associates, basing their studies 
on supravital technic, devised the theoiy of two genetically and lunc- 
tionally different strains of phagocwic cells : the monocite. which evolves 
from the reticular cell, and the clasmatocrne. v.'hich is of endothelial 
origin. Aschofi traced the origin of the macrophages to the local 
connective tissue (hisriocv-tes. or tissue cells), vrliile ^laximow pro- 
duced etddence to show that the polyblast or macrophage in inflamma- 
tion has a double origin ; hematogenous and histogenous. In the 
common loose connective tissue and in the serous membranes the resting 
and wandering cells are: adventitial cells, the pericrtes and the clas- 
matocrtes. ]^Iaximow included in the group of hematogenous cells the 
monocytes of the blood and also the h-mphoccnes. which according to 
his experiments, transform themselves into macrophages. This concept 
was originally expressed by iletchnikotf. who wrote: ‘‘Si les htnpho- 
(ytes memes ne sont encore point des phagocrdes. ils le deviennent 
bientot apres s'etre transforme en cellules epithelioides.” ("If the 
l}-mphcKytes are not yet phagocctes. they soon become so after having 
been transformed into epithelioid cells.” Lewis and Lewis concluded 
from their studies on tissue cniltures that the mononuclear monocytes, 
the macrophages and the epithelioid cells are related to temporary' func- 
tional variations. These authorities could find no definite eridence of 
the transformation of the hanphoctne into a monoccle. They assumed 
that the epithelioid cells of tuberculous lesions are derived either directL 
or indirectly trom the mononuclears of the blood. \'on ^lollendorf. in 
recent publications, claimed that the fibroblast, too. is capable under 
proper circnimstances oi transforming itself into a macrophage, but this 
was energetically contradicted by IMaximow in articles which were pub- 
lished shortly before his death. 

Before presenting the discnission on the mesenchcTnal reactions oi 
the lungs, it may be well to reAew briefly the opinions regarding the 
normal histologv' of the air sacs. 

STRUCTURE OF THE PULMOXARV PARENCHYMA 

The structure ot the respirator}- portion of the lungs was investigated 
by numerous authorities, particularly by fvliller. who summarized his 
views in the Harvey Societ}- Lectures of 1924 and 1925. 'Whether the 
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air sacs are directly connected with the terminal bronchioles or whether 
there exists between them an interposed cavity, an atrium, as was con- 
structed by Miller, is irrelevant to the present report. 

The alveolar wall was described by von Kolliker and Schaffer as 
being a homogeneous membrane containing no collagenous fibers but 
endowed with elastic fibers and harboring capillaries. Von Mollendorff 
and Russakoff described the septums as being composed of a fine net- 
work of reticulum fibers which rarely insinuate themselves between 
the capillaries and the lining epithelium. The reticulum fibers were 
looked on by Orsos as being collagenic. The same observer discriminated 
between two varieties of elastic fibers: respiratory, which ai'e made 
up of coarse fibers not related to the capillaries, and intercapillary, the 
fine fibers of which are interwoven with the capillaries. A few histolo- 
gists found a basal membrane covering the septums, the supporting sub- 
stance of which contained a sparse number of mesenchymal cells. 

Of particular interest is the question relating to the cells lining the 
air sacs, the so-called alveolar epithelium. Von Kolliker, whose opinion 
was shared by most histologists, found that the air sacs are lined by 
large non-nucleated plates interspersed with groups of small nucleated 
epithelial cells. “With the general acceptance of Kolliker’s description 
of the alveolar epithelium,” wrote Miller, “all investigation of the 
alveolar epithelium practically ends, and his illustrations are frequently 
reproduced.” In a recent review Miller stated that “in the normal 
lung, the epithelium lining the alveolar wall is made up of thin, flat- 
tened, nucleated squamae which are closel}^ applied to the alveolar wall, 
and it is a continuous epithelium.” 

Bloom, in Maxiniow’s textbook of histology, stated that “the details 
of the structure of the respiratory portion of the lung have been only 
partially elucidated.” “There can be little doubt,” he stated further, 
“that the so-called ‘nucleated alveolar epithelial cells’ of the older 
authors are composed of certain pericapillary cells — probably also the 
endothelial cells of the capillaries and even the red blood corpuscles 
within these vessels.” 

The problem, which superficially appears to be that of cytology, is in 
reality one of the physiology and pathology of the lungs. This will 
be elaborated in the following discussion.^ 

1. “The problem of general ph 3 ’^siology,’’ wrote Claude Bernard, “is centered 
around the histologic elements. The physiologist will understand the mechanism of 
life and will be in a position to influence it scientifically when the circumstances 
which influence the cells in their intimate organic medium have been established.” 
(Rapport sur le progres de la physiologic generale, Paris, J. B. Bailliere et fils, 

1863.) 
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THE DEFENSE ROLE OF THE LUNGS 

Observers in the past expressed the hypothesis that the function of 
the lungs is probably not limited to gaseous exchange. A study made by 
Fort in 1867 was to the effect that these organs display characteristics of 
secretor}' organs and accordingly he used the tenn pulmonar}- gland, 
which was later accepted by Roger and by Aschoff. The function of the 
lungs is probabh' complex. From the point of Anew of circulation they 
are the point of convergence of the body fluids, and material which 
happens to invade the circulation invariabh' reaches the lungs. Then, 
they are the single Ausceral organ which is in direct contact Avith the 
outside world. They are, therefore, liable to receive dust, bacteria and 
other matters directly from the air. It is remarkable that in spite of the 
exposed position the pulmonarj" parenchpna usually contains no bac- 
teria. MoreoA’^er. im'-estigations haA-e shoAvn that Avhen pathogenic micro- 
organisms are experimentally introduced into the respiratory portion of 
the lungs by Avay of the trachea, they rapidly disappear, in most instances 
Avithout causing disease. 

What is the mechanism Avhereby the lungs maintain their sterilitA' 
in normal conditions ? How do they react in instances of inflammation ? 

The defensive role of the organism in general is attributed to tlie 
connective (mesenchymal) tissues and particularly to a A-arietA' of cells 
Avhich are deriA'ed from the embryonic connective tissue, the 
mesenchyma. These cells, to Avhich reference has previously been made. 
AAdiich are known as macrophages, clasmatoc}i;es, histioc}i:es and poh'- 
blasts (also adA'entitial cells and pericAtes). Avere originally described 
by ]\Ietchnikoff. Avho produced eAudence that they are concerned Avith 
the defense of the organism by ingesting bacteria (phagocHosis) Avhich 
have made their Avay into the body and by producing antibodies and 
forming antitoxins. Attention has been called particularly to the macro- 
phage since the introduction in experimental pathologA* of supraATtal 
staining of animals. Goldmann, after injecting solutions of pAwrol blue 
into the A'eins of animals, noted that the dye Avas taken up by one 
A'ariety of cells in a special manner, being deposited in the cellular 
cytoplasm as fine and coarse granules. The red blood cells and the 
elements of lymphoid and myelogenous origin remained unstained. He 
obserA'ed that these cells are found in all parts of tlie bod}*, and he 
identified them Avith the macrophage of iMetchnikoff, the functions of 
Avhich are those of defense and metabolism. IMore recent inA-estigations 
are to the effect that the same A-ariety of cells is also concerned AA'ith 
the defense against and the formation of neoplastic conditions. In brief, 
at present the mesodermal tissue is looked on as an “organ” performing 
multiple functions. It is of interest to knOAv Avhether tlie lungs, too, are 
endoAved AA'ith such an “organ.” 
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In order to investigate the problem I conducted experiments which 
can be divided into two groups; ( 1 ) “sterile” infections (also defined as 
“model” infections), consisting in the administration to animals of vital 
dyes and oils respectively, and ( 2 ) virtual infections of animals with 
pathogenic micro-organisms. 


I. “model” infections 

Vital Staining . — Metchnikofif was the first to use d3'es in order to 
observe the behavior of the large mononuclear phagocytes. By placing 
living sponges in fluid containing carmine or indigo respectively, he 
noticed that the dyes were taken up by the large mesodermal cells, the 
macrophages.- Bouffard and Ribbert were also using the method of 
“dyeing” animals in vivo in order to study the reaction of tissues. How- 
ever, they did not fully appreciate the importance of this technical 
procedure, and their conclusions were of limited value. Goldmann, 
whom I have quoted, was the first to emphasize and broaden Metchni- 
koff’s conception that the cells which take up the dye reiiresent a net- 
work spoken of as a s}'^stem or an apparatus spread over the body and 
possessing common phj’-siologic traits of which the affinity for vital dyes 
is of particular interest because of the fact that this “earmark” makes 
them readily identifiable. Thus, by using the method of intravital stain- 
ing, one is able to recognize the cells of the middle embr3mnic la3'’er. 
Aschoff designated this group of cells as the reticulo-endothelial S3'^stem. 
I use the term macrophage system, which is rather expressive, which 
does not prejudge the alleged origin of the cells (reticular and endo- 
thelial) and, finally, which renders homage to Metchnikofif, who first 
obsen’^ed them. 


In examining the tissues of the vitalb’- stained animals, it was observed that 
while the repeatedly injected dye had stained the abdominal, pelvic and the 
reproductive organs deeplj^ it had stained the lungs to a slight degree only 
Under the microscope the cells of the histiocytic group were abundantly stained 
in the bone marrow, the liver, the spleen and the lymph nodes. In the lungs the 
dye was characteristically stored in the adventitial cells or the pericytes of the 
larger vessels and in the interalveolar septums. The other pulmonary struc- ' 
tures remained either unstained or onb'' faintly tinged with blue. 

From similar observations previous investigators concluded that the lungs 
contain sparse numbers of macrophages. 


2 Metchnikoff was likewise the first to apply the method known as blockade 
of the macrophage (reticulo-endothelial) system. He noted that under the condi- 
tions of his experiments guinea-pigs tolerated intraperitoneal injections of trisul- 
phide of arsenic, the toxic substance being rapidly phagocytosed by the macro- 
pha<-es But when the injection of arsenic was preceded by that of a solution of 
Ermine the guinea-pigs succumbed. He observed that the large f^gocytes 
“gorged” with the dye remained indifferent to the arsenic which caused the death 

of the animals. 



FRIED— LUNGS AND MACROPHAGE SYSTEM 


81 


But when the dj'e was injected into the lungs via the trachea, the cells lining 
the air vesicle revealed the following changes : Tiiey had enlarged, and their 
cj’toplasm, which had become abundant and “foamy,” often contained droplets of 
pyrrol blue, which was distributed in the manner of histiocjdes. Then a number 
of them seemed to abandon their customary seat on the septum to become wander- 
ing alveolar phagocytes, forming the intra-alveolar (inflammatorjO exudate. 

The endothelium of the capillaries did not show any cytopoietic properties, 
and the participation of the monocytes from the blood in the process occurred at 
a later date, probably when the dye had become diffused through the organism in 
a concentration sufficient to irritate the mesenchyma, leading to proliferation and 
“release” of local phagocj’tes. 

The origin of the free phagoc3'tic cells found in the air sacs (“dust 
cells,” “heart disease cells”) and of the epithelioid cells was the object 
of investigation b)' the earliest pathologists. Whereas the partisans of 
Cohnheim's theor}- maintained that these cells have reached the lungs 
from the blood stream Iw diapedesis (Slavjanski, von Ins), the 
observers who were opposed to ' Cohnheim’s theor}" traced the cells to 
those lining the walls of the alveoli (Ruppert, Arnold) and to those 
lining the alveolar and bronchial walls. Among modern investigators, 
Briscoe, Seemann and Westhues, from Aschoff’s lahoratoiy, Sewell 
and Rosin har-e adopted the views of Ruppert and of Arnold. Permar, 
a partisan of Mallory’s conception, in his studies with vital dyes and 
also in experimental pneumonia found that “they [the monouclear 
phagoc3-tes] arise, in part at least, if not predominant!}", from the fixed 
endothelial cells of the capillar}- and subcapillary vessels, in the walls 
of the atria, sacculi alveolares and alveoli pulmonis.” Foot, too, pub- 
lished numerous articles in defense of this conception which he has 
recently discarded for the hematogenous theory. The results of Olch 
and Ballon’s studies on dogs coincided with those described by me. 
Huguenin and Delarue, who also used dogs in their experiments, have 
corroborated my observations on small laboratory animals. 

Intratracheal Injection of Oils . — -When the lungs were removed and examined 
about one hour after the intratracheal injection of oils (iodized poppy seed oil 40 
per cent, cod liver oil and liquid purified petroleum benzine), the reaction they 
produced was essential!}" that of the cells lining the wall of the air sacs. These 
cells revealed a cytoplasm which contained vacuoles of various size and a hyper- 
chromatic round or oval nucleus (fig. 1). They protruded above the surface 
of the alveolar wall in a budlike manner, and a number of them lay free in the 
alveoli and contained phagocytosed fat in their CA-toplasm. Within from twelve 
to twenty-four hours following the injection, the cells of the alveolar wall showed 
a marked increase in number and also in size: they appeared as large foam cells, 
thus leading to thickening of the alveolar septums. At the end of the second 
and third days the cellular proliferation caused atelectatic areas. In places the 
greatly enlarged cells lining the septum and those accumulated in the pulmonary 
alveoli produced continuous cellular masses resembling xanthomatous nodules or 
agglomerations of proliferated cells like those seen in Gaucher’s disease (fig. 2). 
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Neither the endothelium of the capillaries nor the bronchial epithelium partici- 
pated in the reaction. The afflux of phagocytic cells from the blood stream 
was insignificant, and their role in the formation of the intra-alveolar exudate 
was slight. 

Waldeyer was probably the first to note that “the embryonic cells 
of the connective tissue,” or Plasmazellen, take up fat avidly ; he spoke 



pjg 1 _Fixed and wandering ceiis ui 
their close resemblance to macrophages (histiocytes). 


r u r<^lk ns ‘Vrosse rund Zellen welche hesonders gern Fett auf- 
("large round cells which absorb fat with avidity”) Franks 
nelime ^ “transform” themselves into fat cells which at 
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forming a necropsy on a patient with diabetes and hpemia, he found 
an enlarged spleen which on histologic examination showed proliferated 
and hypertropWed reticular cells (fig. 3). He expressed the opinion 
that the spleen most likely plays a role in the metabolism of lipoids and 
suggested that this property resides in the reticular cells (splenic 
macrophages, or splenocytes). This was subsequently corroborated by 



2. — ^An intra-alveolar xanthomatous nodule made up of proliferated cells 
of the alveolar wall. 


many observeis, who also found that similar processes occur in 
nephrosis, in obstiuctive jaundice and in other pathologic conditions. 
More recent studies on Gaucher’s and on Niemann-Pick’s disease and 
also on the disease known as the Schuller-Christian syndrome (xantho- 
matosis) have likewise revealed that the lipoids whose metabolism is dis- 
turbed are phagocytosed essentially by the macrophages (Rowland). 
Similarly, experimental studies by Anitchkow and by Zinserling revealed 
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that small laborator}^ animals which were fed an excess of cholesterol 
emulsified in sunflower oil showed in the intima of the vessels large cells 
studded with lipoids, which were readil};- identified as macrophages. 
Thus, when rabbits are fed an excess of pure cholesterol or yolk of 
^SS> the lipoids are “stored” in the spleen and the bone man-ow, which, 
on microscopic examination, reveal that the material is deposited exclu- 
sively in the reticular cells and in the cells which line the sinuses of 
the spleen. As the result of the excessive feeding of cholesterol these 



Fig 3. — Structure of the spleen in diabetic lipemia (Schultze). The dilated 
sinuses lined with proliferated and hypertrophic macrophages were formerly 
described by investigators as “cystic structures lined with epithelial cells.” 


cells enlarge and proliferate, forming wide agglomeratioub m the splenic 
pulp and also in the sinuses. In the bone marrow, the orally introduced 
fatty substances lead to cellular changes similar to those found in the 
spleen. Anitchkow noticed that cholesterol artificially increased in the 
organism is deposited largely as anisotropic fat in the macrophages of 
the connective tissue, with the formation of typical xanthoma cells. 

Oils introduced into the respiratory portion of the lungs via the 
trachea cause a reaction in which the alveolar “epithelial” cells (also the 
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peribronchial and perivascular macrophages) are primarily involved. 
The behavior of these cells is a counterpart of that of the macrophages 
in the spleen, liver and bone marrow. Seemann, after injecting fine 
emulsions of cholesterol into the circulation of laborator}'’ animals, 
observed that in the lungs the lipoid substance was “fixed” by the cells 
lining the alveoli, being deposited and “stoi'ed” in their c}i:oplasm, as 
is done by the macrophages elsewhere in the body. 

These observations are of interest in connection with the hypothesis 
expressed by numerous writers that the lungs play a role in the metabo- 
lism of fat. Roger compared the pulmonary action on fatty substances 
with the action of the liver on carbohydrates. This comparison was 
suggested by the fact that absorbed albumins and carbohydrates pass 
directly into the liver, while fatty substances are transported by way of 
the l3anphatics and the thoracic duct to the right side of the heart and 
to the lungs. Extensive studies by Derman and Leites were to the same 
effect. Markowitz and Mann, in a more recent report, stated that the 
results of their experiments “have not furnished evidence for the suppo- 
sition that the lung plays an especial role in the metabolism of fat.” How- 
ever, they, too, found that in one experiment, in which a highly emulsified 
preparation of fat was injected intravenously, there was a huge increase 
of fat in the lung and a definite diminution of fat in the blood from 
the femoral artery as compared with blood removed from the right 
ventricle. 

Apparentl}^ the problem is complex, and further experiments will 
be required. As Ranvier expressed it: “Quoi de plus aise que de mon- 
trer aujourd’hui la presence de glycogene dans le foie. Cepehdant. 
Claude Bernard, qui etait uu homme de genie, n’y est arrive qu’apres 
bien des annees de recherches et par une serie de tatonnement.” 
(“Nothing is easier today than to demonstrate the presence of glycogen 
in the liver ; yet Claude Bernard who was a genius, succeeded in doing 
so only after numerous attempts and years of research.”) ® 

II. VIRTUAL INFECTIONS 

Injection of Animals with the Anthrax Bacillus Via the Trachea . — 
The model infections” have shown that the lungs possess a cellular 
apparatus” which to all appearances is a counterpart of the macro- 
phage apparatus found throughout the body. It also became apparent 
that the cells of which it is made up are chiefly those which line the air 
sacs and which are commonly designated as alveolar epithelium. The 

3. I have observed in man and in lower animals that the alveolar epithelium 
plays a role in the local (extrahepatic) formation of bile. By inducing hematomas 
in the lungs of animals, bilirubinemia can be demonstrated. 
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experiments were undertaken in order to study the behawor of these 
cells in instances of virtual infection with pathogenic micro-organisms. 

The experiments with the anthrax bacillus can be divided into two series: 
(1) a series in which the rabbits receiving the injection of the gram-positive 
bacillus by way of the trachea were left alive for observation, and (2) a series 
in which the animals were killed at intervals of from five minutes to three weeks 
after the intratracheal infection. The experiments showed that manifold fatal 
doses of the anthrax bacillus can be introduced into the lungs of rabbits with 
impunity when the micro-organism is brought directly in contact with the pul- 
monary tissue, provided that the extrapulmonary tissues are spared contamination. 
The micro-organisms so inoculated are retained by the lungs, where they are 
destroyed within a few hours after injection by phagocytosis, in which the cells 
found in groups along the wall of the air sacs (alveolar epithelium) play the out- 
standing role. 

Although the anthrax bacillus belongs to the micro-organisms that 
have been discovered earlier (Davaine, Pasteur), the mechanism of 
death caused by this batonnet remains to be explained. As no observer 
has succeeded in isolating a toxin from this micro-organism, it was 
presumed that it causes death not by endotoxins or exotoxins but by 
virtue of its tremendous proliferation within the circulation, which 
results in occlusion of vessels culminating in asphyxia. However, as 
has been stated, recent investigations have revealed that when the 
bacillus is injected into the blood of animals it disappears rapidly from 
the circulation; it is lodged in the internal organs and reappears in 
the peripheral circulation shortl}’' before the animals’ demise (Besredka). 
Septicemia is, then, a terminal stage, simply heralding the fact that the 
host has lost the fight and that the offender is released. It is also 
remarkable that in this infection, probably more than in any other, local 
trauma plays an outstanding role in the spread of the disease. Finally, 
it was noted by obsen’-ers both formerly and recently that the micro- 
organism is harmless to laboratory animals when injected into the lung 
with the precautions used in my experiments (Morse, Hildebrandt, 
Grammatchikoff, Snel, Besredka, Balteano, Broeq-Rousseau and Urbain, 
Combiesco, Gracia). 

Besredka was the first to stress the fact that in the lower animal 
the skin is the sole organ that is susceptible to the anthrax bacillus, 
whereas other organs or structures resist infection. Thus, he stated that 
“chez le cobaye il n’existe qu’un organ pour lequel la bacteridie ressent 
une reelle affinite, organ dans lequel elle peut s’implanter, au sein 
duquel elle peut croitre et se multiplier: cet organ est la peau.” (In 
the guinea-pig only one organ exists for which the anthrax bacillus 
sho\vs a virtual affinity and in which it is able to implant itself, grow' 
and multiply; that organ is the skin.”) “La bacteridie,” he stated 
further, “que penHre ailleurs que dans la peau ou le tissu sous-cutane. 
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passe evidemment inapergue de I’animal: aussitot arrivee dans le peri- 
toine ou dans le poumon elle y est aussitot pliagocytee et digeree.” (“The 
anthrax bacillus which enters by other means than the skin or the sub- 
cutaneous tissue remains unnoticed by the animal; in the peritoneum 
or in the lungs it is phagocjdosed and digested the moment it has 
invaded these organs.”) 

The experiments with tlie anthrax bacillus belong to the series of 
postwar studies which served Besredka as a point of departure for his 
conception of local immunity. His work on local immunity to pathogenic 
micro-organisms has been corroborated by a number of observers, who 
also were concerned with the mechanism of this phenomenon. For 
details on this phase of the problem the studies by Gay and his asso- 
ciates and by Cannon and Pacheco are of interest. Gay, who made 
extensive studies on the subject, produced evidence that “the clasmato- 
cytes or ‘tissue macrophages’ are in part, if not entirely, responsible for 
the natural resistance of rabbits to experimental streptococcus infec- 
tion.” He also made the important observation that the “native” 
resistance varies from structure to structure, depending on the abun- 
dance of macrophages with which the region is provided. Thus, the 
peritoneal cavity is at least a thousand times more resistant to strepto- 
coccic infection than the pleural cavity. It is also remarkable that the 
macrophages are mobilized from the adjacent connective tissue and not 
from the circulating blood. Cannon and Pacheco found that the local 
immunity of the skin resulting from previous immunization by intra- 
cutaneous injections of staphylococcus vaccine is predominantly Oellular 
in type, with the tissue macrophages playing the dominant role, owing 
to increased numbers and also, probably to increased metabolic activity. 

From the foregoing observations it is apparent that the macrophage 
is the element par excellence wliich is concerned in the process of local 
immunity of tissues to invaders. “Les proprietes humorales,” wrote 
Metchnikoff, “ne representent qu’une certain fraction dans I’ensemble 
des phenomenes de Timmunite, cette derniere etant dominee par des 
proprietes cellulaires, qui apparaissent dans la presque totalite de cas 
d’immunite naturelle ou acquise.” (“In the complete phenomenon of 
immunity, the humoral properties represent but a fraction, the phe- 
nomenon being dominated by the properties of the cells which are 
conspicuous in nearly all cases of natural and acquired immunity.”) 
This statement, made more than thirty years ago, has been recently con- 
firmed by observers Avho used modern methods of investigation, such 
as tissue cultures. 

Apparenttyj in the experiments with the intratracheal injection of the 
anthrax bacillus the same defensive mechanism intervened. It is, how- 
ever, remarkable that the outstanding role of the scavenger which 
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disposes of the pathogenic hatonnet was played by the cells lining the 
wall of the air sacs, which from time immemorial have been regarded 
not as maciophages but as epithelial cells. This observation was par- 
ticulail}'^ evident from the infection of animals with the tubercle bacillus 
which is described in the following section. 

Infection of Rabbits zvith Tubercle Bacilli by Way of the Trachea.— 
In initiating a study on experimental tuberculosis, the respiratory route 
of infection was chosen in order to imitate the technic of the “model" 
infections with dyes and oils. A survej’^ of the literature has I'evealed 
a few incomplete reports on this method of infection with Koch’s bacil- 
lus. Indeed, the results reported by previous investigators were usually 
based on hematogenous methods of infection whereby a condition of 
acute sepsis with Koch’s bacillus was induced in animals. It is accepted 
that in man tuberculosis is as a rule initiated by inhalation of the acid- 
fast bacilli, whereas a primary infection by way of the blood stream is 
very rare. In the lower animals the two forms of infection respectively 
cause diseases the natural histories of which vary to a great extent, the 
aerogenous being probably closer to the form observed in man. The 
experiments were conducted on full-grown rabbits. 

Microscopic examination of tissues revealed that when the tubercle bacilli 
reached the air sacs the reaction was instantaneous : within a few minutes there 
occurred proliferation, as well as morphologic changes of cells lying in and on 
the septums. The latter cells which are normally barely visible, giving to the 
air sac a quasi-naked appearance, revealed characteristics that are proper to 
fixed or wandering macrophages (monocytes, clasmatocytes). A number of these 
cells lay free in the alveolar lumen, showing phagocytosis of the tubercle bacilli. 
Tubercle bacilli were also found in the cytoplasm of some of the enlarged sessile 
cells. Within the first hour after the infection primitive tubercles made up of 
the cells lining the air sacs (respiratory epithelial transformed into epithelioid 
cells) were seen scattered over the sections. At a later period outlines of giant 
cells could be made out, resulting from agglutination of individual cells and also 
from the nuclear division of cells. 

As a rule, newly formed cells proliferated inside the lumen of the alveolus, 
(fig. 4) forming a microscopic pneumonic focus or a “parenchymatous alveo- 
litis” (aheolite macrophagique of the French writers). This process ordinarily 
involved a group of several alveoli, the septums of which could be outlined early 
in the disease. 

In addition to the prompt morphologic changes and the rapid proliferation, 
the sessile and free cells displayed instantaneous phagocytosis of the acid-fast 
bacilli. Not only did the morbid process appear to advance by proliferation of its 
own elements, but at the borders it “converted” the adjacent cells. Here, too, the 
cells, while still resting on the septums, had taken on new morphologic aspects 
closely resembling those of the large monocytes. In proximity to the primitive 
tubercle these cells could be seen to “stream” singly or in groups to join and 
enforce the already formed miliary nodule. Thus, when the agglomerated tubercle 
had reached considerable dimensions and its center had begun to degenerate 
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(caseation), its periphery was made up of new elements that resulted not only 
from proliferation of its own cells but also from the mobilization of those resting 
in the adjacent area. 

The endothelium of the capillaries of the septums showed no particular changes. 
The lumens of the septal capillaries contained a moderate number of red cells. 
The pulmonary lymphocytes did not seem to play a role in the provision of the 
first “waves” of macrophages. 
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4. — Section of the lung of a rabbit infected with tubercle bacilli, showing 
the early stage of parenchj^matous alveolitis. 


Virchow regarded the tubercle in tuberculosis as a heterologous 
grotthh (neoplasia), taking its origin from connective tissue analogous 
to that found in neoplastic diseases. However, the opinion was preva- 
lent among his contemporaries that the miliary tubercle is formed from 
all kinds of fixed tissues: the epithelium of the bronchi and the' 
respiratory tract, the endothelium lining the blood vessels, the' 
polygonal hepatic cells and the epithelium lining the bile ducts, renal 
epithelium, muscle fibers and the like (Thaon, Grancher, Strauss, Baum- 
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garteii and others). As has already been stated, although the cell 
dominated the teaching of patholog)-, cellular specificity was but vaguely 
understood until the advent of Metchnikoff. 

According to Metchnikoff, “the tubercle is made up of a collection 
of phagocytes of mesoblastic origin, which dock toward the areas where 
the bacilli are located and engulf them.” “In the lungs,” he stated 
elsewhere, “the tubercle is formed at the expense of the endothelial 
cells of the blood vessels with assistance of leukocytes.” Borrel, who, 
after Metchnikoff, made a comprehensive experimental study on tuber- 
culosis, wrote as follows : “Le systeme lymphatique est la gangue ou 
se developpent les tubercules, et non le tissue conjonctif. La cellule 
tuberculeuse est tou jours une cellule lymphatique.” (“The lymphatic 
system and not the connective tissue is the soil where the tubercles 
develop. The tuberculous cell is always a lymphatic cell.”) Calmette 
fully subscribed to Borrel’s findings by stating that “dans les 
poumons comme dans les sereuses, I’election des tubercules autour des 
vaisseaux est due a cette particularite qu’ils se developpent presque 
exclusivement dans le systeme lymphatique. Ce dernier est la gangue 
ou se constituent les tubercules, et non le tissue conjonctif comme le 
pretendait Virchow.” (“In the lungs as in the serous membrane the 
elective seat of the tubercles around the vessels is due to the fact that 
they develop almost exclusively in the lymphatic system. The latter 
is the terrain where the tubercles are formed, and not the connective 
tissue, as was claimed by Virchow.”) Baldwin, Petroff and Gardner, 
in a recent monograph, emphasized that “without exception tubercle is 
formed in the depth of the tissues, by preference in lymphoid masses, 
but where the latter do not occur, in and about lymphatic vessels ; never 
does the tubercle start upon an epithelial surface. Applying these 
propositions to the case of the lung, tubercle could not develop upon 
the surface of the respiratory epithelium, nor would it be expected 
within the wall of the air spaces which are devoid of lymphatic vessels.” 
Finally, Krause stated that “added years of uninterrupted observation 
of the primitive tubercle have served only to strengthen the idea of at 
least one worker, that this parent cell exists in situ, and in a thoroughly 
topographical sense, may be thought of and designated as a fixed tissue 
cell ; that it is not exuded from the blood or lymph, or called as by taxi, 
from a distance in response to tubercle bacilli.” 

Pathologists today share fully Metchnikoff's views as to the meso- 
dermal origin of the epithelioid cells of which the tubercle of the lung 
is made up. They are, however, in disaccord as to their source. As 
in the case of the origin of inflammatory exudate elsewhere in the body, 
investigators have adhered either to the theoiy of endothelial leuko- 
cytes of Mallor}q or to that of the hematogenous origin of the epi- 
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thelioid cells; to the view that they arise in local connective tissue or to 
the view that they have a double origin — hematogenous and local. 

The endothelial origin of the pulmonary epithelioid cells have been 
combated by Aschoff and by Maximow. I, too, could find no evidence 
of the participation of the endothelium of the pulmonary capillaries in 
the provision of the epithelioid cells. This conception has been recently 
abandoned by the “3'ounger'’ pathologists (Foot. Gardner) and appa- 
rently by Mallor}' himself. Thus, in a study made in Mallory’s labora- 
tory, Nye and Parker stated as follows: “In the past, many writers 
have claimed that the capillar}^ endothelium in the lungs possesses great 
phagocytic powers, but few at present hold this view. There is no 
evidence that the monoc3’-tes in the lungs are derived from the circula- 
tion or from the capillary endothelium [italics mine].’* They believed 
that the source of the pulmonary phagocyte lies in the lungs themselves 
and not in the extrapulmonary tissues, but they were not certain as 
to its precise location. Gardner and Smith, too, found that migration 
(into the lungs) of cells from the blood stream is eliminated because 
alveolar phagoc3des accumulate after the death of the animal, when the 
blood is no longer circulating. 

Apparentl3'- Foot is the sole author who recentlv expressed the opinion 
that the alveolar phagocytes are of hematogenous origin. In view of the 
fact that he attributed the same conception to iSIetchnikoff. it is pertinent 
to look into this investigator’s statements. 

In his first article on phagoc3’tosis of Koch’s bacillus, published in 
1888, Metchnikoff wrote : "Die Lungen-Tuberkelbildung bei Kaninchen 
(nach Injektion der Kulturen in die Ohrvene) erfolgt in tvenigen Tagen 
wobei man starke Anhaufungen A'on fcrtigen Epithelioidzellen, sowie 
von L3'mphoz3*ten beobachten kann [italics mine].” (“The formation 
of tubercles in the lungs of rabbits [after the injection of cultures in 
the vein of the ear] follows within a fciv days, whereb3'' one observes 
massive accumulations of fully developed epithelioid cells and h’mpho- 
C3les.' ) The source of the “fertigc Epithelioidzellen'' in the lungs 
was not specified. In his “Lemons sur la pathologic comparee de 
1 inflammation” he stated : “Apres les leucoc3’’tes, ce sont les vaisseaux 
et leurs endotheliums qui jouent le role le plus important dans I’inflam- 
matipn .... les elements endotheliaux ont conserve encore 
plusieurs traits de mobilite, attestant leur origin. , . . Le tubercule 

pulmonaire se forme aux depens des cellules endotheliales des vaisseaux 
sanguins avec le concours des leucoc3"tes.” ("After tlie leukoc\'tes, the 
vessels and the endothelium pla3- the most important role in inflamma- 
tion . . . the endothelial elements in accord with their origin have 

presen'ed man3' features of motilit3'. . . . The pulmonary tubercle 

is formed at the expense of the endothelial cells of the blood vessels 
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with the assistance of leukocytes.”) The source of the latter Avas 
described by him in his monograph “L’immunite dans les maladies 
infectieuses, in which he wrote : “For a long time the large ‘dust cells’ 
of the respiratory channels were looked on as being epithelial cells that 
were capable of taking up carbon particles, micro-organisms and other 
foreign bodies. In reality these elements are none other than Avhite 
corpuscles that have immigrated into the alveoli and bronchi.” In 
the spleen and the lymph nodes the tubercle, according to Metchnikoff, 
results from a collection of the large mononuclear phagoc}'tes of these 
organs and not from outside sources. 

In connection with Metchnikoff’s opinion, it is of interest to cite 
that of his contemporary, Borrel, on the same subject. Borrel, who 
used the hematogenous method of infection with the tubercle bacilli, 
found, as has already been stated, that the cells in the tuberculous lesion 
are always of “lymphatic” origin. In another section of his article 
dealing with the alveolar response he wrote as follows: “Dans les 
alveoles il existe une categoric de cellules qui jouent le meme role que 
les grands leucocytes mononucleaires dans les vaisseaux, ce sont les 
cellules a poussideres, les StmibzcUen des auteurs allemands.” (“There 
exists in the alveoli a category of cells which play a role equivalent to 
that of the large mononuclear leukocytes found in the blood vessels; 
these are the dust cells, the Stauhzellen of the German authors.”) He 
did not observe them in the blood-borne infection with Koch’s bacillus, 
but he mentioned casually that, as a result of the “inhalations de grandes 
quantites de bacilles tuberculeux, on constate alors au microscope, des 
premiers jours, I’envahissement des alveoles pulmonaires per une enorme 
quantite de cellules a poussieres ; la plupart de ces cellules contiennent 
des bacilles qui sont comme noyes dans un epanchement non moins 
considerable de leucocytes polynucleaires.” (“After the inhalation of 
large quantities of tubercle bacilli, microscopic observation shows from 
the first the im^asion of the pulmonarj^ alveoli by an enormous quantity 
of dust cells. Most of these cells contain bacilli, which appear as if 
drowned in a not less considerable exudate of polymorphonuclear leuko- 
cytes.”) Apparently Borrel discriminated between two strains of cells: 
the immigrated large mononuclear leukocyte and the “dust cell.” He 
suspected that the latter was indigenous in the lung and that it displayed 
its activity in massive aerogenous infection. 

It may be seen that the theory of the essentially hematogenous 
origin of the dust cells and of the pulmonaiy epithelioid cells forming 
the tubercle Avas erroneously attributed to Metchnikotl. 

Of particular interest in this respect are the experiments of Lang 
and of Timofejevski and of Benevolenskja, Avho made cultures of lung 
tissue inoculated with tubercle bacilli. In experiments, in which circu- 
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lation was excluded, these investigators showed that the lungs and no 
other organs represented the source for the alveolar phagocytes. 

The findings of Borrel, of Calmette and of Baldwin and his asso- 
ciates that “the tubercle is formed . . . by preference in lymphoid 

masses'-' resulted probably from observation on hematogenous infection 
with the tubercle bacilli. The vascular supply of the lymphoid tissue 
found v.-ithin the lung of the rabbit is derived from the pulmonary artery 
( Miller). “Therefore." wrote Krause, “in the rabbit, bacteria that have 
gained the general venous system will, in part at least, be conveyed to 
the lymphoid tissue directly." However, even here, the tubercle, i. e., the 
epithelioid cells, originate not from the lymphocytes, but from the clear 
central zone of the reticular cells, which are none other than macro- 
phages. 

Thus the notion held by authorities that the blood stream and the 
endothelium are the essential contributors to the dust cells and the 
epithelioid cells forming the tubercles in the lung is today abandoned. 


CO MM EXT 

From my observations it became apparent : d) that the large mono- 
nuclear cells found in the pulmonary alveoli in inflammatory and con- 
gestive processes are macrophages; (2) that they originate from the 
cells found along the wall of the air vesicles knov/n as respiratory 
epithelium. This obseiwation is shared by the majority of modern 
pathologists ( .Aschoft. Bloom. Seemann. Marchand. Alaximow, Carlton, 
Cappell. Lang. Pagel, Policard. Huguenin. Tchistovitch. Chiodi). The 
point of dispute is the nature of these cells, which are regarded by one 
group of obseiwers f Aschoff and his school ) as endodermal, and by 
others fAIaximov.-, Lang. Bloom, Policard and myself) as mesodermal. 

Seemann, as the result of experiments carried out in Aschoff’s labo- 
ratory. related findings closely approaching my own. maintaining, none 
the less, that the cells lining the air sacs are of endodermal origin. He 
based his opinion on “classic” embn'ologic data and on the results 
obtained hy staining tissues from lungs with silver nitrate. He did 
not discuss in detail the macrophagic traits of these cells, but dismissed 
the subject by saying that “the outstanding activity of the ‘alveolar 
epithelium’ should not surprise us if we remember that occasionallx 
[italics mine] the liver, kidne}-. adrenal and testicular cells are strongly 
phagoc}tic.’ This statement cannot be relied on, since these cells are 
passive C facultative) phagocytes, whereas the alveolar “epithelium” is 
actively (obligatorily) phagoc^Tic. This is of importance in connection 
with the statement made by Aschoff: “It is known that occasionally 
eveix' possible cell will ‘swallo\w coarse foreign elements : i. e.. it will 
react as a macrophage. . , , There is hardly a fixed cell in the 
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organism that is not in a position, under certain circumstances, to swal- 
low and to digest other cells, foreign bodies and parasites. Are they 
thereby functionally identical? Not to the slightest degree. There is 
concerned here one of the functions proper to every cell, that is, of 
digestion. One must, therefore, also look for other characteristics. In 
the cell with which we are concerned (the reticulo-endothelial) phago- 
cytosis is only one property which is particularly marked. The intensity 
and the amount of phagocytosis are here the deciding factors.” Then, 
too, the “phagocytic” epithelial cells of the viscera mentioned by See- 
mann do not show proliferation as a result of “irritation” and do not 
transform themselves into epithelioid cells under the influence of the 
tubercle bacillus. They occasionally engulf foreign elements while still 
attached to their basal membranes, but are invariabl}^ found to be dead 
when detached from their customary seat, whereas the alveolar “epi- 
thelial” cells display ameboid phagoc3rtic activities in space. Staining 
with silver nitrate, the method applied by Seemann to prove his thesis, 
is regarded by most observers to lead to ambiguous pictures. Finally, 
the nature of the structure of the fetal lung, which serves as an argu- 
ment in support of the epithelial nature of the epithelial cells, is far 
from being definitely determined. Today, as in the time of Virchow, 
“the doctrine of embr3mlogic leaflets is not yet clearl3" elucidated in all 
its details and . . . ever3’' new investigation along this line brings 

some modifications” (Virchow). 

Embryology teaches that the air sacs of the embryo are lined with 
a single uninterrupted layer of cuboidal epithelial cells. It is assumed 
that as a result of the first respiratory effect some of these cells become 
abruptly flattened and some lose their nuclei altogether, leading to the 
formation of the anucleated platelike cells of the functioning alveolus. 
The abrupt flattening of the cuboidal cells following the first respix'atory 
movement and the function of the anucleated cells have, however, never 
been plausibly explained. In fact, recent observers deny their existence. 
“Ce sont des Ttres de raison' acceptes par habitude et par respect d'un 
schema traditionnel,” according to Policard. (“These are ‘creatures of 
reason’ accepted by habit and out of respect for tradition.”) 

With regard to the abrupt flattening of the “respiratory epithelium,” 
Faure-Fremiet and Dragoiu found that in the sheep the transformation 
is not abrupt but occurs gradually, beginning in the second half of 
embryonic life, at which time free spaces appear between the alveolar 
cells. At this juncture the nucleated cells take on a new aspect and 
acquire new potentialities. These investigators observed, for instance, 
that the cells contain a chemical substance closely akin to glutathione 
described by Hopkins. “It is certain,” stated Huguenin, Foulon and 
Delarue, as a result of experiments performed in Roussy’s laboratory. 
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‘’that the ceils ^^hich at one time were morpliologiailly and physiolog- 
icaliv epithelial are replaced by elements wliich are the future granular 
(foamj cells of the adult lung.” Policard and Chiodi believed that the 
cuboidal cells lining the fetal alveoli completely disappear, tlius "denud- 
ing" the respirator}- sac. whidi is subsequently partly "relined” by 
immigrated mesencht-mal cells. In this connection it may be of interest 
to note that during embryonic life the esophagus, too. changes its lining 
on five occasions. It also was observed that even in postembryonic 
life processes of involution of organs or strucmres occur. Recent studies 
bv Smith and Benner, made in IVolbach's laboratories, revealed tirat in 
postembryonic life the size and number of tire alveolar cells in the rat 
vary witir age. 

Bloom reproduced in iSIaximow's textbook of liistolog}' two photo- 
graphs of the lungs of an embryo guinea-pig near term to shovr the 
change vrhicli takes place in tlie embryonic lung when the air spaces 
become distended with fixing fluid. "It is clear.” vrrote Bloom, "that at 
this stage, even before injection of the flxative. there is no longer a 
cuboidal lining of the alveoli.” 

Xo systematic studies on tire embiyolog}- of tlie lung were made 
by me. Casual observations v.-ith the use oi the technic of insufflation 
of the fetal lung v.-ithin physiologic limits (a method ordinarily used 
by me in experiments on postembryonic lungs ; have revealed pictures 
hitlierto unobserved. Thus, figure 5 .d is a photomicrograph of a section 
of a lung removed from an embr}-o guinea-pig measuring 2.5 cm. in 
lengtlr. The picture illustrates the peculiar alveolar structure oi the 
letal lung in the early stages. In figure S B z section from the lung of 
an embr}-o gmnea-pig 6.o cm. long ( near term) is shown. It may be 
seen that at this period tire classic "adenomatous" structure no longer 
exists. 

The observation on the imperfect lining of the air sacs was known 
to earlier observers, such as Zenker. Villemin. Todd and others. Qaude 
Bernard, in stud}'ing the absorbing povrer of the .mucous membrane 
OI different organs, toimd that toxins and poisons are absorbed by way 
of the alveolar sunace as rapidly as by way of the blood stream. He 
noticed tliat curare placed on the mucosa of the bronchi caused no harm 
to die animal, but that when this alkaloid was "pushed” into the alveoli 
it killed the animal as rapidly as if it had been injected into the circula- 
tion. He attributed this phenomenon to the lack oi an “epithelium 
protecteur a la surface des vesicules puhnonaires.” In a recent studv 
Policard stated: "The respirator}- surface of tlie lungs ought to be 
compared to an open wound.” 

In some pathologic conditions of the lungs structures resembling 
acini lined by cuboidal cells occur. These were interpreted as respiratorv 
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alveoli lined by cuboidal cells that have reclaimed their ancestral embry- 
onic form. I have observed that the glandular structures present in 
sclerosed lungs are often no other than newly formed alveolar structures 













'h. ^ «s 




Fig. 5— A, section of the lung of an embo^o guinea-pig 2.5 cm. long. The 
glandlike structure should be noted. B, section of the lung of an embryo guinea- 
pig 6.5 cm. long, i. e., near term. The "glands" seen in the earlier stages of devel- 
opment no longer exist. 

lined by cells of bronchiolar origin. Analogous pictures are observed 
in atrophic (Laennec’s) cirrhosis of the liver, in which there also occurs 
a new formation of bile ducts within the rings of connective tissue 
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encircling the distorted hepatic lobules. In diffuse sclerogenic disorders 
of the lungs the respiratory alveoli, too, appear like glandular structures 
lined by an uninterrupted layer of cuboidal cells, an appearance which 



Fig. 6. — Lining of a pulmonary- alveolus in a diffusely fibrosed hiunan lung. 
The similarity of the sessile and the free cells, which have all the earmarks of 
macrophages, should be noted. Two free cells (“heart disease cells”) contain 
blood pigment. Reduced from X fflOO. 

has often been cited as evidence of the epithelial nature of the alveolar 
cells. However, a study of numerous lungs with similar pictures has 
convinced me that here, too. the cells of the alveolar wall behave in 
wat's similar to that of macrophages and that their morphologv is often 
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that of large mononuclear phagocytes, as is seen in figure 6. Similar 
pictures are observed in the sinuses of the spleen in diabetic lipemia 
m Gaucher’s disease, in Niemann-Pick’s disease and also in cirrhotic 
conditions of the spleen. The splenic sinuses in these diseases have 
been often referred to as “cystic structures lined with cuboidal 
epithelium” (fig. 3). 

Experimental and clinical observations point to the conclusion that 
the so-called epithelial cells which are found singly and in groups along 



Fig. 7. — Cut surface of the lungs of a rabbit infected with bovine tubercle 
bacilli by way of the blood stream, showing diffuse miliary tuberculosis. The ani- 
mal lived six weeks after the infection. 

the septums of the pulmonary alveoli are probably of mesenchymal 
origin; that is to say, they are “resting” macrophages and accordingly 
produce cells of their kind, i. e., the “wandering” macrophages of the 
air sac. This hypothesis is also supported by the examination of pul- 
monary tissue inoculated with tubercle bacilli in vitro. Thus, Lang 
found that the alveolar phagocjffes originate from the alveolar “epi- 
thelium,” which he regarded as being polyblasts or macrophages. He 
emphasized that they are a counterpart of those present inside the sep- 
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turns. He likewise obseiwed that the phagocytic cells which are found 
around the puhnonar}' vessels and bronchi are similar to the cells lying 
in and on the septums. 

The behavior of the lungs in instances of infection by wa}' of the 
trachea reveals that the respiratory portion of these organs possesses 
an exquisitely efficient defensive structure. It is remarkable that the 



Fig. 8. — Cut surface of the lungs of a rabbit infected with bovine tubercle 
bacilli via the trachea. The lungs arc markedly enlarged and show nearly com- 
plete caseation. The heart is pushed upward, and the upper lobe of the left lung is 
reduced in size as a result of compression. There is an adhesive fibrous pleuritis 
leading to obliteration of both pleural cavities. The animal lived four times longer 
than its fellow, the lungs of which are shown in figure 7. Both animals were of 
the same weight and age at the time when they were infected with the same amount 
of tubercle bicilli. 

thin and “half naked’’ alveolar wall which has no more resistance than 
a spider’s web” in regard to fluids, is a virtual fortress when bacteria 
have i>enetrated into the respirator)- portion of the lungs. 
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^ The difficulties encountered in inducing a pulmonary disease in 
animals infected via the trachea have been baffling obseiu^ers since the 
advent of bacteriology. I have observed that a dose of pneumococci 
that kills a rabbit in about eighteen hours, when injected into the blood 
stream, causes the death of another rabbit infected by way of the trachea 
in about four days. On the other hand, a dose of this micro-organism 
sufficient to cause the death of a hematogenously infected animal within 
from three to four days is harmless to an animal infected via the respi- 
ratory tract. The micro-organism is promptly phagocytosed and 
destro3'^ed by the alveolar “epithelial” cells. Likewise, in the resolution 
of lobar (fibrinous) pneumonia, the alveolar “epithelial” cells and not 
the granulocytes play the role of scavengers, performing this function 
by phagocytosis and also by secreting lytic substances. The granulo- 
C}d:es flood the lung in the early stages of the disease, being supplanted 
later b}^ alveolar (“epithelial”) jAiagocytes. 

I have mentioned the differences existing between the hematogenous 
and the aerogenous infection of rabbits with the tubercle bacilli (figs. 
6 and 7). Thus, the duration of the disease in animals infected with 
Koch’s bacillus via the trachea is about four times longer than in those 
infected by way of the blood stream. The disease is disseminated 
throughout the body at a much later period in aerogenous infection, 
possibl)'' in the terminal period, and in some instances it is confined for 
life to the lungs. 

The efficacy of the pulmonary filter in regard to pathogenic bacteria 
was stressed by Besredka in the following terms : “Tant qu’il est intact, 
le filtre pulmonaire est impermeable a la facon d’une bougie a pores 
serrees; mais il suffit la lesion la plus minime pour que sa porosite 
augmente au point de rendre le filtre inoperant.” (“So long as the 
pulmonary filter is intact it is as impermeable as a candle with tight 
pores. But the slightest lesion is sufficient to increase its porosity to 
such a degree as to render the filter ineffective.”) 

SUMMARY 

Since the time of Magendie and Claude Bernard it has become known 
that of all mucous membranes that of the lungs possesses the best 
absorbing power. Thus, alkaloids or dyes injected into the lungs via 
the trachea are detected in the general circulation and in the urine within 
a few minutes after the injection. 

On the other hand, since the advent of the bacteriologic era it became 
obvious that fine emulsions of pathogenic bacteria which are fatal to 
animals by intraperitoneal, subcutaneous or hematogenous infection are 
harmless when the respiratory portion of the lungs is chosen as an avenue 
for the infection. 
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The experiments reported in this review were undertaken in order 
to study the mechanism whereby the lungs get rid of the pathogenic 
invaders, thus maintaining their sterility and serving as a barrier against 
a systemic dissemination of the disease. 

The studies have revealed that in the lungs, as elsewhere in the 
organism, the protective function lies essentially in the macrophages, 
which dispose of the invader by means of phagocytosis. 

It was further demonstrated that in the early phases of pulmonary 
infection these cells are not imported from outside sources but are 
abundantly supplied by the lungs themselves. 

It was shown, moreover, that most of the wandering macrophages 
of the pulmonary alveoli originate from the cells lining the air sacs. 
The nature of these cells was analyzed in some detail, and evidence was 
produced to show that very likely they are not epithelial but mesenchy- 
mal in origin. Experimental evidence was cited to the effect that these 
cells, and not others, are concerned in the defensive and metabolic proc- 
esses in which the lungs are involved, and that they act in wa3"S similar 
to the Kupffer cells, the splenocytes and the reticular cells of the bone 
marrow and the lymph nodes. 

It is believed that they represent an essential part of the macrophage 
system. 
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News and Notes 


Grants-in-Aid.— Jean R. Oliver, professor of pathology at the Long Island 
College of Medicine, has been assigned an additional grant of $1,000 by the Josiah 
Macy, Jr., Foundation for continued studies on the pathology of Bright’s disease 

The committee on grants-in-aid of the National Research Council at its December 
meeting, m response to 119 requests, made 36 grants for the support of research pro- 
jects, of which the following 6 come under the heading of medical sciences : G. 
Howard Bailey, Johns Hopkins University, “Heterophile Antigens of Bacteria and 
Plant and Animal Tissues”; Raymond L. Garner, Johns Hopkins University, 
“Enzymatic Liquefaction of Clotted Human Blood”; R. W. Gerard, University of 
Chicago, “The Activity of Nerve Tissue and the Central Nervous System”; 
Balduin Lucke, University of Pennsylvania, “A Neoplastic Disease of the Common 
Leopard Frog, Rana Pipiois"; John R. Paul and James D. Trask, Yale Uni- 
versity, “Comparison of Different Strains of Poliomyelitis ^Grus”; Arthur H. 
Smith, Yale University, “The Influence of Various ‘Inorganic’ Ions ujKm the 
Body Weight and Blood Changes of Experimental Animals.” 

A New Tumor Registry.— A tumor registry has been established by the 
medical society in Peoria, III. Any physician who registers a case may become a 
member. For the present all records will be kept in the laboratory of tlie St. 
Francis Hospital. 

Prize Paper .^ — The eleventh annual prize of $1,000, given by the American 
Association for the Advancement of Science to the antlior of a noteivorthy paper 
presented at the winter meeting, was awarded at Boston to Dr. Reuben L. Kahn, 
professor of bacteriology at the University of Michigan Medical School, for his 
paper, "Tissue Reactions in Immunity.” 

Society News. — The American Public Health Association will hold its sixty- 
third annual meeting in Pasadena, Calif., from September 3 to 6. 

The forty-si.xth annual meeting of the American Physiological Society, under 
the presidency of Arno B. Luckhardt, will be held under the auspices of the 
College of Physicians and Surgeons, Columbia University, from March 28 to 31. 
The scientific meetings will be held in the Hotel Pennsylvania, which will also 
serve as headquarters. The demonstrations will be made at the College of Physi- 
cians and Surgeons. 

Officers of the American Societj’^ of Parasitologists have been elected as 
follows : president, E. E. Tyzzer, Harvard Medical School ; vice-president, 
J. E. Ackert, Kansas State College; secretary, H. W. Stunkard, New York Uni- 
versity; treasurer, J. Andrews, Johns Hopkins University School of Hygiene and 
Public Health. 

The Pathological Society of Philadelphia has elected officers for 1934 : Morton 
McCutcheon, president; Esmond R. Long, vice-president; Herbert L. Radcliffe, 
secretary-treasurer. 

The annual meeting of the American Association of Pathologists and Bacteri- 
ologists will be held in Toronto, Thursday and Friday, March 29 and 30, 1934. 
One-half day will be given to a joint meeting with the American Association of 
Immunologists. 


CLEVELAND SESSION — ^AMERICAN MEDICAL ASSOCIATION 

Scientific Exhibit 

The Section on Pathology and Physiology of the American Medical Association 
will sponsor a section exhibit in the Scientific Exhibit at the Cleveland Session, 
June 11-15 1934. The section exhibit committee is composed of: W. L. 

MacCarty, 'chairman, Rochester, _ Minn. ; Frank W. Hartman, Detroit; A. B. 
Luckhardt, Chicago, and J. P. Simonds, Chicago. a . ,, i 

Applications for space will close on Feb. 26, 1934. Application blanks maj 
be obtained from the members of the committee, or from the Director, Scientific 
Exhibit American kfedical Association, 5.35 North Dearborn Street, Chicago. 
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Synovial Cells in Tissue Cultures. E. Vaubel, J. Exper. Med. 58:63 and 
85, 1933. 

S 3 'novial cultures are differentiated from cultures of other tissues of 
mesenchymal origin by the type of growth and the function of the cell. In these 
respects, synovial cultures are more closely allied to chondroblasts and osteoblasts 
than to fibroblasts. Synovial cells in tissue cultures acquire marked globular 
cytoplasmic granulations that stain easilj’' with neutral red and sometimes with 
toluidine blue; they show marked polj'morphism with all transitions from round 
to spindle, polygonal and star shapes, and eventually form an epithelium-like 
membrane, composed of cells with numerous syncytial bridges. In cultures of 
typical!}’' growing synovial cells a mucin-like substance is elaborated. Typical 
growth and maximum production of mucin are best maintained in mediums con- 
taining a minimum of growth-stimulating substances. Transformation of synovial 
cell growth into fibroblastic growth is accompanied by a loss of production of 
mucin. Dying cells apparently do not produce mucin. Amitotic cell division and 
the formation of macrophage-like cells were observed. A marked tendency to 
liquefaction of the plasma about the growths was observed and attributed to the 
elaboration of a proteolytic ferment. The specific designation “synovioblasts” is 
proposed for these cells. Author’s Summar'Y. 

Tissue Cultures of Fibroblasts. R. C. Parker, J. Exper. Med. 58:97, 1933. 

Under appropriate conditions, fibroblasts are able to multiply in serum, at a 
slow rate, for long periods. The rate of multiplication of fibroblasts in a given 
sample of serum depends entirely on the nature of the strain. Cell races endowed 
with a high residual growth energy multiply more rapidly in serum than those 
whose groulh potencies are of a lower order. Fibroblasts in the beginning 
multiply more abundantly in plain serum than in heparinized serum and more 
abundantly in heparinized serum than in heparinized plasma. Later, these differ- 
ences become less pronounced. The first effect of serum on fibroblasts is invariably 
■ injurious, the degree of injury differing according to the nature of the cell strain 
and the age of the animal from which the serum is derived. With the passage of 
time, however, the colonies undergo gradual improvement both in the appearance 
of the component cells and in their rate of proliferation. In mediums containing 
the embryonic tissue juice or other growth-activating substances, fibroblasts form 
colonies that are isomorphic and composed of isomorphic cells. In serum, fibro- 
blasts form colonies of heteromorphic appearance. Each colony becomes composed 
of cells that differ from one another to a more or less marked degree. 

Author’s Summary. 

Prevention “of Cholesterol Atherosclerosis in Rabbits. K. B. Turner 
and G. B. Khayat, J. Exper. Med. 58:115 and 127, 1933. 

_ In seventeen of nineteen animals, whole thyroid gland, when administered 
simultaneously with cholesterol, prevented the atheromatous changes produced by 
the latter in the aorta of rabbits. In this series, thyroxine was less effective, as 
atherosclerosis occurred in eight of eleven rabbits. Potassium iodide also exerted 
a strong protective action, as aortic lesions were present in onl}’ one of a series of 
twelve rabbits fed cholesterol and potassium iodide concurrently. The effectiveness 
o potassium iodide was not shared by potassium bromide or potassium chloride. 
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A relationship was noted between the level of the cholesterol in the blood and 
the development of atherosclerosis. In general, the aortic lesions accompanied 
hypercholesteremia. 

Thyroidectomy in itself does not cause a rise in blood cholesterol or the develop- 
ment of atherosclerosis in young rabbits. The feeding of cholesterol produces 
hypercholesteremia and atherosclerotic lesions in rabbits regardless of the presence 
or absence of the thyroid glands. Potassium iodide prevents the usual hyper- 
cholesteremia and atherosclerosis of the aorta in normal rabbits fed cholesterol, 
but when the thyroid glands are removed this protective action disappears. 

Authoks’ Summaries. 

Arterial Disease Produced by Cholesterol and Vitamin D. C. V. 
Harrison, J. Path. & Pact. 36:447, 1933. 

In experiment 1, cholesterol sclerosis was induced in the rabbit’s aorta as a 
preliminary lesion, and vitamin D sclerosis was later superimposed. In experi- 
ment 2, vitamin D sclerosis constituted the preliminary lesion, and cholesterol 
sclerosis was added. In both cases, the second lesion was confined to the parts of 
the vessel left unaffected b}' the first lesion. Both cholesterol sclerosis and 
vitamin D sclerosis render the affected parts of the vessel wall relatively immobile, 
and this immobility appears to render the walls less susceptible to the subsequent 
lesion. It is concluded that the movements of the vessels determine the localization 
of the lesions due to lack of vitamin D as well as those due to cholesterol, and 
probably those due to human arterial disease. Author’s Summary 

Atherosclerosis in Dogs. W. D. Zinserling, Beitr. z. path. Anat. u. z. 
allg. Path. 88:241, 1932. 

The aorta and other organs of twenty-eight dogs, from 8 to 28 years old, were 
studied. In old dogs, spontaneous lipoidosis of the aorta, the interstitial tissue 
in the sclera, cartilage, tendons and the fibrous capsule of the internal organs was 
observed. The lipoid was deposited in the interstitial substance, while the fatty 
degeneration of the tissue cells played a minor role. These changes were identical 
with those observed in man and the rabbit. Characteristic for the dog is the 
secondary lipoidosis in fibrotic areas of the intima, in contradistinction to the 
primary lipoidosis of the human aorta. In man and in the rabbit, fibrosis of 
the aortic wall follows atheromatous degeneration. In the dog, cholesteremia does 
not play the same important role of a causative factor of lipoidosis of the 
aorta as it does in the rabbit. It was impossible to produce lipemia and athero- 
sclerosis in dogs by feeding an excess of cholesterol. In old dogs, endogenous 
factors seem to produce a disturbance of the cholesterol metabolism which, together 
with the fibrosis of the aortic wall, must be regarded as the essential cause of 
atherosclerosis. C, Alexander Hellwig. 

Hematopoiesis in the Axolotl After Removal of the External Zone of 
THE Liver. B. T. Malyschew, Beitr. z. path. Anat. u. z. allg. Path. 88: 
315, 1932. 

In the axolotl, formation of the granulocytes occurs normally in the external 
zone of the liver, while the spleen produces the red blood cells. After removal of 
the external zone of the liver, the reticulo-endothelial cells lining the muscle 
trabeculae of the heart and the Kupffer cells of the liver produce hemocytoblasts. 
The latter develop into granulocytes and erythroblasts. Some of the newly 
formed hemocytoblasts are carried to the epicardium and form there a marginal 
zone of hematopoiesis, with neutrophil and eosinophil granulocytes predominating. 
The external zone of the liver regenerates from Kupffer’s cells and their descen- 
dants, the hemocytoblasts, whereas the parenchyma proper of the liver is regen- 
erated by mitotic division of liver cells. q Alexander Hellwig. 
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The Ixfluenxe of Food ox the Healing Phocess of Wounds in the 
Stoil\ch. E. L. Howes, Eeitr. z. path. Anat. u. z. allg. Path. 88:435, 1932. 

The healing of surgical wounds in the stomach was studied in three groups of 
Avhite rats. After operation the first series received a well balanced diet; the 
second series, one half of the volume and of the caloric value given the first, and 
the third series, three fourths of the caloric value of the stock diet, the volume 
being brought up to normal b\' the addition of sawdust. A diet containing only half 
of the regular volume and iialf of the caloric value did not interfere with the 
process of healing. In the third series, however, the process of healing v,'as 
definitely retarded. Since this group of white rats received a diet which was of 
higher caloric value and more voluminous than that of the second group, the 
irritating sawdust in the diet must have been the responsible factor. Postoperative 
diet, therefore, should be completely free from irritating substances. 

C. .-Vle.xander Hellwig. 


Constitutional Thro.mbopathv (.4^ New Disease of the Blood). E. A. 

WiLLEBR.\ND and R. Jurgens, Klin. Wchnschr. 12:414, 1933. 

The authors studied thirty-five “bleeders” from a group of three families with 
bleeders for four generations. The results are believed to justify the establishment 
of a new group in the classification of diseases of the blood. Constitutional 
thrombopathy is a dominant, sex-linked, hereditary disease, occurring more fre- 
quently in females than in males and characterized by spontaneous bleeding from 
the skin, mucous membranes and wounds. The blood platelet count is normal. 
However, the bleeding time is markedly prolonged. The plasma proteins are 
normal. The authors ascribe the disease to hypofunction of the blood platelets, and 
particularly to a diminution in the agglutination of thrombocytes and deficiency in 
thrombus formation. The condition is distinct from hemophilia and thrombopenia. 

J, Klein. 

Diaphragmatic Angina Pectoris. L. Hofbauer, Mfinchen. med. Wchnschr. 

80:411. 1933. 

The author is of the opinion that attacks of angina pectoris may be due to 
diseases of the diaphragm, such as hernia and empyema, and cites clinical records 
to support his contention. Hyperesthesia of the diaphragm may cause pain, dyspnea 
and a feeling of constriction in the chest. When there is no involvement of the 
diaphragm, the diaphragm may nevertheless become hyperesthetic as the result of 
changes in the circulator}' organs (the coronary arteries, aorta and myocardium) 
caused by a visceromotor reflex. t Vrr-r.- 


Origin of Bone Marrow Giant Cells in E.xtkamedullarv Myelopoiesis. 

R- P. Custer, Virchows Arch. f. path. Anat. 288:213, 1933. 

In a series of experiments undertaken to study the effect of rcticulo-endothelial 
blockade on extramedullary myelopoiesis, marked formation of bone marrow giant 
cells in the spleen was noted in one animal. In lesser degree the phenomenon was 
a so evident in the liver and the lymph nodes. In this animal, india ink had 
been used to form the blockade and sapotoxin to cause anemia. The bone marrow 
appeared inactive and degenerated. In another rabbit that bad also received 
sapotoxin, but in which carmine had been used for blockade, the bone marrow 
contained many hyperplastic giant cells. The spleen, liver 
an lymph nodes contained few giant cells. The author interprets his findings as 
m icative or the local extramedullary formation of the giant cells and postulates 
e action of a necrohormone as a factor in the process. q -p Schultz 
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Local Circulatory Reactions of the Skin. E. 
Virchows Arch. f. path. Anat. 288:393, 1933. 


Reinhardt and G. Ricker, 


The effects of local mechanical and chemical stimuli on the vessels of the skin 
as determined by capillary microscopy, form the basis of an extended theoretical 
discussion of the resulting changes and their interpretation and of a critical survey 
of the_ existing theories relied on to explain the phenomena noted. The various 
stimuli, regardless of their nature, evoke a diphasic reaction, which consists in 
ischemic anemia followed by peristaltic hyperemia of the papillary vessels. The 
hyperemia of stronger stimulation may lead to exudation and the formation of 
wheals. Maximal stimulation leads to stasis without exudation. The various 
reactions are the expression of the degree of action and not of the quality of the 
stimulus. They result from the action of the stimulus on the constricting and 
dilating nerves of the vessel. The action may be either direct or indirect, i. e., 
reflex. The place of action may be any part of the nervous system from the local 
vessel to the cerebral cortex, and the direction of the stimulus may be either 
centripetal or centrifugal. The stimulus which manifests itself in a local vascular 
reaction of the skin may therefore be psychic, mechanical, physical or chemical. 
Whatever the character of the stimulus, the vascular response is of the same char- 
acter, varying only with the degree of action of the stimulus. The older cellular 
theory of vascular physiology, which postulates an action directly on the cells of the 
vessels, is held to be untenable. The more modern doctrine of humoral vascular 


physiology according to which soluble substances in the blood or tissue fluids 


mediate the vascular reactions is also held to be untenable. 


O. T. Schultz. 


Function of the Reticulo-Endothelial System in Experimental Strepto- 
coccic Sepsis. J. Voicu, A. VitAlyos and L, Boer, Virchows Arch. f. 
path. Anat. 288:455, 1933. 

Rabbits were infected with streptococci isolated from puerperal fever. In 
overwhelming, rapidly fatal experimental infections, there was no formation of 
opsonins, agglutinins or bacteriotropins. The reticulo-endothelial system of the 
animals revealed no reactive changes, and its cells had only weak properties of 
vital storage. In less severe infections, opsonins, agglutinins and bacteriotropins 
appeared in the blood. In animals killed during this state, the reticulo-endothelial 
system revealed hypertrophy and hyperplasia of its cells, which exhibited greater 
activity for vital storage than is normal. The formation of immune bodies and 
the hyperplasia and hyperactivity of the reticulo-endothelial system cease when 
the resistance of the animal is overcome by the infecting organism. The authors 
conclude that the study of the reactions of the reticulo-endothelial system is an 
excellent method for evaluating the therapeutic efficiency of remedial agents. 

O. T. Schultz. 

Toxic Effects of Irradiated Sterols. B. ICellner, Virchows Arch. f. path. 
Anat. 288:491, 1933. 

The histologic effects of irradiated sterols were studied in two series of fully 
grown young rats comprising, respectively, 85 and 130 animals. It is of interest 
thst crystalline viosterol wss found to be nontoxic in the first series of animals, 
although the substance is therapeutically active in rickets in man. This led to 
a study of the daily dosage of several irradiated sterols of ergot origin necessary 
to cause toxic effects. Subtoxic doses caused no histologic changes, even when 
continued for a long time, to half a year. The toxic effects noted were those 
previously described, namely, degeneration and necrosis followed by calcification. 
The kidney and aorta were most frequently affected. The peripheral arteries, 
heart muscle and voluntary muscle came next. In the bones toxic doses led to 
the formation of osteoid tissue, followed in some animals by hypertrophic changes 
in the bones and in others by atrophic changes, the latter being noted especially 
with the larger doses or a more prolonged administration. q Schultz. 
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Relation Betivee:.' the Exdockike Gl/ocds akd the Estrus Cycle. S. 

Tsuchimoto, Jap. J. Exper. Med. 11:129, 1933. 

The subcutaneous transplantation of the anterior lobe of the h 3 'pophysis of 
the guinea-pig or the rabbit caused ovulation in immature white rats. The genital 
organs showed earh- maturitj-; ovarian follicles developed and matured, changed 
into corpora lutea or formed cj’sts. The anterior lobe had no influence on 
or-ulation in maturitj’. The central and posterior lobes caused no change in the 
estrus cj’cle, and the anterior lobe failed to prevent shrinkage of the genital organs 
after ovariectomj’. J. Kleix. 

Pathologic Anatomy 

Degexeeatio:,- of -niE Corpus Callosum ix Hydrocephalus. N. A. Zolotowa, 

Virchows Arch. f. path. Anat. 280:343, 1931. 

In two cases of internal hj'drocephalus (one sj’philitic, the other congenital) in 
infants the corpus callosum was found to be markcdlj’ atrophied. Primary' failure 
of development and atrophy secondary' to the hydrocephalus are possible causes. 
However, the anlagc of this structure develops after the fourth month of preg- 
nancy'. The occurrence of internal hj'drocephalus before this time interferes v.’ith 
its development, resulting in a rudimentary' type. Pep.ry J. Melxice. 

AcROCEPHALOSYXDACTi’Li.sH (.A-pert). Arxold Flixker, Virchows Arch. f. 

path. Anat. 280:546, 1931. 

The author reviews the nine cases of acrocephalosyndactj'lism gathered from 
the literature by Apert, and adds a tenth. The condition is characterized anatomi- 
cally' by syndactj'lism of all four e.xtremities and a characteristic deformity of 
the head consisting of acrocephalj', a peculiar outline of the forehead and flattening 
of the occipital region. There are other variable congenital anomalies. The con- 
dition is not hereditary or familial. The author’s patient came from a cretin popula- 
tion and had a large goiter and myxedema. Perry J Melxice. 

Lipoid Nephrosis. A. R. K.vx'trowitz and Paul Klemperer, Virchows Arch. 

f. path. Anat. 280:554, 1931. 

Using histologic methods recommended by McGregor which bring out finer 
morphologic changes than does the hematoxj’lin-cosin stain. Bell came to the 
conclusion that lipoid nephrosis is primarily glomerulitis. The authors studied 
two cases of undoubted clinical and pathologic lipoid nephrosis by these methods. 
Proliferation of glomerular endothelium or of capsular epithelium, the criterion of 
glomerular inflammation, could not be found. The cells of these structures were 
svr’ollen and contained lipoid droplets, changes w’hich w'ere not so definite with 
the hematoxylin and eosin stain. However, these changes are considered not to be 
inflammatory but to be phenomena of degeneration and lipoid storage, part of the 
picture of lipoid nephrosis. ^ Melxice. 

Charges ix the Elastic Tissue of the Luxg ix a Case of Broxchial 

Asthma. W. Wawerla, Virchov/s Arch. f. path. Anat. 285:12, 1932. 

In a^ man, aged 36, v/ho had had bronchial asthma for twenty-four years, 
histologic examination of the lungs revealed some unusual changes in the elastic 
tissue. The elastic fibers of the terminal arterioles and of the smaller bronchi 
were ruptured, swollen and encrusted with iron and calcium. About many of the 
arterioles there had been formed foreign body granulomas that compressed and 
occluded the vessels. In the pulmonary’ parenchj'ma the elastic tissue framework 
was in places hypertrophied and in other places broken and torn, and in still other 
areas elastic tissue had disappeared. Occlusion of the small arteries had led to 
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s’ds of the heart. Engorgement of the vessels and 
responsible for the changes in the 
0. T. Schultz. 


Unusual Fatal Intestinal Hemorrhage. H. Weber, Virchows Arch. f. path 
Anat. 285:46, 1932. 

A woman, aged 50, ivas found, a 3 ^ear before her death, to have tertiary 
syphilids of the skin and cerebrospinal syphilis that yielded to antisyphilitic treat- 
ment. Syphilitic cirrhosis of the liver developed, and she died from a sudden 
massive intestinal hemorrhage. At necropsy there was found a ruptured sub- 
mucous varix of the lower portion of the ileum. This portion of the intestine 
was adherent in a hernia of the scar of a previous laparotomy. The unusual situa- 
tion of the ruptured varix was due to the interference of the adhesion with the 
collateral circulation, which everywhere else was well developed. 

O. T. SCHULl’Z. 

Quantitative Study of Ovarian Follicular Atresia. W. Blotevogel, 
Virchows Arch. f. path. Anat. 285:53, 1932. 

_ By means of serial sections of both ovaries of sixteen white mice and five 
primates (Cynocephalus hamadryas), the total number of primarj^ secondary and 
atretic follicles was determined and the volume of follicular tissue in relation to 
the volume of the entire ovary was estimated. In both the species studied there 
was great variation in the number of follicles in animals of the same species, in 
the number of follicles in the two ovaries of the same animal and in the size of 
the ovaries. In each species about half of the follicles were undergoing atresia. 
In the primate there was a correlation between the number of follicles and the 
volume of the ovary; in the mouse no such correlation could be detected. In 
neither species was there a correlation between the number or the volume of 
atretic follicles and the volume of the ovary, indicating that follicular atresia is 
not the result of overcrowding and lack of space within the ovary. This conclusion 
forms the basis of a brief discussion of inherent lethal factors within the germ 
cell, as opposed to environmental factors. The inherent lethal factors manifest 
their effects even before fertilization. In the species studied, approximately half 
of the germ cells are destined to destruction within the ovary. 

0. T. Schultz. 

Congenital Maldevelopments of the Nose. B. Lang, Virchows Arch. f. 
path. Anat. 285:93, 1932. 

Two unusual examples of nasal maldevelopment are described, one of proboscis 
lateralis and one of Kundrat’s cebocephalic form of arhinencephaly. In each there 
were multiple malformations in addition to the nasal one, to which special attention 
is given. In the case of proboscis lateralis, the left half of the nose was normally 
formed. The right half was represented by a short, sessile structure attached 
at the inner canthus of the right eye. The right nasal bone and the right nasal 
cavity were absent. There was a coloboma of the right lower eyelid. The 
intermaxillary bone was absent. In the case of cebocephaly a rudimentary nose 
with a single nostril had been formed. The following structures had not been 
formed : the horizontal and vertical plates of the ethmoid, the small wings of the 
sphenoid the optic foramina, the vomer, the lacrimal bones, the intermaxillary 
bone and the nasal cavities. The frontal lobes of the brain were fused in the 
midline with maldevelopment of the olfactory lobes and other parts of the brain 
The endogenous and exogenous factors that may have a part in the genesis ot 
such maldevelopments, and the period of embryologic development at which the 
latter may arise, are discussed. O. T. Schultz. 
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Congenital Vertebral DEFORiiiTY v/mi Absence of the Neck. A. 1-eller 
and H. Sternberg. Virchows Arch. f. path. Anat. 285:112, 1932. 

In the fourth ot a series of studies of congenital malformations of the vertebral 
column, the authors describe* six cases of absence or shortness of the neck. Fi%-e 
of these occurred in fetuses and one in a woman who died at the age of 51 years. 
The anomaly was described by Kippel and Weil in 1912 and is referred to in the 
German literature as the Kippel-Weil syndrome. In the authors’ cases there 
were various malformations of the cervical and upper thoracic vertebrae, including 
failure of development or rudimentary- development with fusion of vertebrae. Com- 
mon to all was a defect of the dorsal arches of the vertebrae, which continued 
upward into the occipital bone. The anomaly is ascribed to interference with 
the normal development of the primitive segments of the bod 3 '; it manifests itself 
before cartilage has been formed in the anlagen of the vertebrae. 

O. T. Schlxtz. 

Histology of Undl'Lant Fe-.-er. F. Wohlwill, \'irchows Arch, f, path. Anat. 
286:141, 1932. 

A woman, aged 67, died suddenh- at the end of the fourth week of an attack 
of undulant fever. Death was due to pulmonary cmoblism ; the embolus came 
from a thrombus of the femoral vein. The spleen was enlarged, ilicroscopic 
e.xamination revealed numerous minute cellular nodules composed of epithelioid 
reticulo-endothelial cells. Intermingled with these were a few giant cells and 
a few plasma cells. The small granulomas were situated in the malpighian bodies, 
only a few being found in the pulp. The para-aortic and bronchial lymph nodes 
and the bone marrow contained similar minute granulomas. In the liver were 
numerous focal necroses, about some of which there was a granulomatous reac- 
tion similar to that of the spleen and U-mph nodes. In the small number of cases 
of undulant fen-er in which necropsy has been performed, death has been due to 
some other condition and no changes characteristic of infection with Bacillus 
abortus have been noted. In V'ohlwiirs case also death was due to a condition 
other than the infection, but it occurred at a time when lesions that the author 
considers characteristic of the disease were still present. q -t Scsuitz 

Involvement of the Central Nervous System in a Case of Generalized 
Xanthomatosis (Schuller-Christian's Disease). H. Chiari, Virchows 
Arch. f. path. Anat. 288:527, 1933. 

Previous reixirts of Sch-jller-Christian’s disease have presented clinical or 
anatomic evidence of onlj- slight involvement or the central nerv-ous sj-stem. Chiari 
reports a careful histologic stud 3 ' of the brain in a case of the disease with 
marked invoivement of the central neiwcrus 53 'Etem. A man who died at the age of 
27 had had osteom 3 'elitis of the right tibia at the age of 20. Operation v/as 
followed b 3 - recovery. Five 3'ear5 before death the sy-mptoms of diabetes insipidus 
appeared and persisted until death. Four years before death areas of softening 
were noted in the occipital bone; roentgenologic examination of these areas a year 
before death led to a clinical diagnosis of Schuller-Christian’s disease, which was 
confirmed^ by biopsy-. Headache, weakness of the extremities, difficulty- in standing 
and walking, abnormalities of sight and hearing and projectile vomiting indicated 
severe and progressive involvement of the central ner\-ou 3 system. Death was 
due to cavernous pulmonary- tuberculosis. Necropsy- and the subsequent microscopic 
examination brought to light no areas of the characteristic cholesterol-infiltrated 
tissue in the thoracic or abdominal organs. Such tissue was, however, present in 
the ilium, femur, cranium, dura, brain and cervical cord. In the brain the xan- 
thomato-js tissue termed macroscopically visible yellowish areas in the cerebrum 
and cerebellum. These areas were situated in the v.-hite matter, chiefly- about the 
\entncular system, and spared the gray matter of the cerebrum. The cortex of 
the cerebellum was involved. The yellow tissue v,-as composed of -v-acuolated 
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foamy cells Ae cytoplasm of which contained doubly refractile droplets that stained 
with Sudan III. The cells were of two types. Larger cells were of mesenchymal 
origin and were derived from the tissue about the blood vessels. Smaller lipoid- 
containing cells were_ derived from the microglia- and oligodendroglia. The 
macroglia did not participate in the process. In the areas of xanthomatous tissue 
the myelin sheaths and axis cylinders had disappeared. Except in the cortex of the 
cerebellum and the anterior horns of the cervical cord, the ganglion cells contained 
no lipoid. 

O. T. Schultz. 


Histopathology of the Marginal Nodules Caused by Prosthesis of the 
Lower Limb. F. Wohlwill, Virchows Arch. f. path. Anat. 288:576, 1933. 

Zur Verth first described nodules that develop in the skin of the inner' surface 
of the thigh where the margin of an artificial lower extremity makes pressure. 
Arising subepidermally, they lead to ulceration of the covering epidermis and to 
the formation of small abscesses, which may persist as chronic fistulas. According 
to the histologic studies of zur Verth and others, the lesions are foreign body 
granulomas that develop about fibers of leather that are forced into the skin by 
pressure. Wohlwill examined histologically twenty lesions of the kind under con- 
sideration. In three the granulomas contained bodies the foreign character of 
which could not be definitely determined; origin from the stroma of clumped red 
corpuscles is considered possible. In the remaining cases foreign bodies sur- 
rounded by giant cells were present, but in only one of these was the foreign body 
held to be actually foreign to the tissue. In the other instances tlie genesis of the 
foreign bodies could be traced to the hornified epithelium of hair follicles, which 
had undergone hypertrophy and hyperkeratosis as the result of pressure and 


moisture. 


O. T. Schultz. 


Chronic Abscess of the Thyroid. K. Stojalowski, Virchows Arch. f. path. 
Anat. 288:660, 1933. 

The avascular character of the capsule protects the tliyroid against infection by 
direct continuity from adjacent tissues. Infection of the gland usually occurs by 
way of the blood or lymph stream. In one of the two cases here reported the abscess 
was single and was surrounded by a thick fibrous wall. The infection originated in 
the tonsil. In the second case the abscesses were multiple, were surrounded by 
fibrous tissue and were secondary to an ulcerated epithelioma of the larynx. 

O. T. Schultz. 

Relation of Microliths in the Bile to Changes in the Liver and Gall- 
bladder. W. Buttner and G. Lemmel, Virchows Arch. f. path. Anat. 288: 
682, 1933. 

Bile removed from the gallbladder at necropsy was examined microscopically 
for microliths. The attempt was made to correlate the occurrence of the latter 
with histologic changes in the liver and gallbladder. In 800 consecutive necropsies 
microliths were detected 75 times (9.4 per cent). The incidence of their occurrence 
increases with age and stasis or stagnation of bile, but simple mechanical stagnation 
is not a factor in their formation. Inflammation of the gallbladder with resulting 
stagnation of bile may lead to the formation of microliths. There was no 
parallelism between cholesterol infiltration of the mucosa of the gallbladder and 
the formation of microliths. The formation of microliths was associated most 
often with pathologic alterations of the liver cells of variable degree, but there )s 
no uniform pathologic background for this formation. Microliths were seen more 
often in light-colored bile than in deeply colored specimens, and more often when 
the quantity of bile in the gallbladder was small than when it was large, indicating 
that disturbance in biliary secretion is a factor in the formation of microliths. 

O. T. Schultz. 
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Relation of Rheumatic Infection to Arteriosclerosis of the Aorta. 

M. Schulz and F. Klinge, Virchows Arch. f. path. Anat. 288:717, 1933. 

The thirteenth contribution of Klinge and his co-workers to the pathologic 
changes in rheumatic infection is a profusely illustrated article of sixty-three pages 
that attempts to evaluate the role of rheumatic infection in arteriosclerosis of the 
aorta. The vascular pathologic process of the active stage of the disease was 
described in the fourth communication of the series. The present article begins 
with a brief description of these early changes in five additional cases in which 
the patients died while active rheumatic lesions were still present. It then proceeds 
with its main thesis, a study of the relation of aortic arteriosclerosis to rheumatism 
and a variety of other diseases. For this study 188 aortas were selected that 
revealed macroscopic evidence of arteriosclerosis. Each aorta was examined 
microscopically throughout its length by being rolled into a spiral and embedded 
in a single pyroxylin block. For special histologic studies smaller blocks were 
excised and examined in frozen and paraffin sections. According to the gross 
pathologic and clinical manifestations of the disease process, the material is divided 
into the following ten groups: (1) 12 cases of endocarditis or lesions of the 
joints of certain rheumatic origin; (2) 15 cases of endocarditis of probable 
rheumatic origin ; (3) 24 cases of nonrheuniatic endocarditis ; (4) 20 cases of 
syphilis ; (5) 10 cases of chronic infection of various kinds ; (6) 26 cases of 
clinical hyperpiesis; (7) 19 cases of acute infection; (8) 7 cases of septicopyemia; 
(9) 13 cases of tuberculosis; (10) 43 cases of diffuse atheromatosis and arterio- 
sclerosis of the aorta. For each group a tabulation gives briefly the gross 
characteristics of the aorta, the localization of the process and the changes in the 
media and adventitia for each case. Then follows a more detailed description of 
selected cases, which is succeeded by a succinct summary of the findings for the 
group. At the end of the article is a brief discussion of the relation of the findings 
to some moot problems in the genesis of arteriosclerosis. The focal character of 
the lesions of the media in many of the groups is accepted as evidence of primary 
damage to the media, with secondary hyperplasia and later degeneration of the 
intima. But the occurrence of swelling and fibrinoid degeneration of the ground 
substance of the intima, with no underlying medial alteration, is sufficient proof 
that the arteriosclerotic process may be initiated also by primary disease of the 
intima. Severe damage to the media occurs not only in syphilis, but in rheumatism 
and in a variety of other chronic diseases. Aortic disease of rheumatic origin may 
involve any part of the aorta, but was noted most frequently in the abdominal 
aorta. In rheumatism and in nonrheumatic chronic endocarditis, foci of lympho- 
cytic infiltration and vascularized scars were frequently seen in the media. Acute 
infection of any kind may activate such older lesions of the aorta. Mucoid degen- 
eration of the media was noted in a wide variety of chronic diseases, but was most 
marked in rheumatism. Deposition of calcium occurred in a wide variety of 
diseases, but was more marked in tuberculosis than in any other group. Streaks 
of avascular fibrosis in the media without any inflammatory reaction were seen 
most often in the aortas of the patients who had had high blood pressure. In 
tuberculosis there was not seen the inflammatory involvement of the media that was 
so frequently observed in rheumatism and other chronic diseases. The diagnosis of 
rheumatic aortic sclerosis may be made at the postmortem table from the gross 
appearance of the aorta, the localization of the process and a history of rheumatic 
infection. Even if one is unwilling to accept all the deductions and conclusions 
that Klinge has drawn from the work presented in this series of contributions, 
one must admire the volume of work on which the conclusions are based, the 
thoroughness with which the work has been done, the planned orderliness of 

the work and the concise, organized manner in which the work is presented in 
printed form. 

O. T. Schultz. 
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Unusual Histologic Forms of Rheumatic Infection. R. Rossle,' Virchows 
Arch. f. path. Anat. 288:780, 1933. vircnows 

Rossle begins with a discussion of the question whether rheumatic infection is 
a disease of one or more organs, which is the older view, or a systemic disease of 
the mesenchyme involving widely the connective tissue and blood vessels, which 
IS the concept of Klinge and other contemporary observers. The widespread 
involvement of the mesenchymal system of tissues can be explained only on the 
basis of M allergic state of these tissues. That febrile rheumatism is a disease 
characterized by ^ hyperergic inflammation of the mesenchyme Rossle considers 
established. Variations m the degree and localization of the hyperergic reaction 
depend, in part,^ on differences in the degree of sensitization of the mesenchyme, 
on differences in the plij'^siologic function of the connective tissue and blood 
vessels of the organs and tissues and on differences in the mechanical activity of 
the tissues. As a contribution to the conception that rheumatic infection is a 
mesenchyinal systemic disease, he describes and discusses in detail five cases that 
differed widely from each other in their clinical and pathologic histologic mani- 
festations, but all of which he would include in the broad group of rheumatic 
disease. The first case was one of classic rheumatic polyarthritis, with wide- 
spread vascular involvement. The second was a case of less active polyarthritic 
disease, in which there was marked reaction of the blood vessels of the synovial 
and joint tissues; the descriptive term applied to this case is chronic polyarthritis 
vasculosa. The third case was one of obliterating endophlebitis of the liver. The 
fourth case was one that began with pains in the joints and ended in sepsis ; there 
was marked arteritis, with some lesions that were rheumatic and others that 
resembled periarteritis nodosa. The fifth case, one of rheumatic periarteritis, 
Rossle calls tuberculoid periarteritis nodosa. The periarterial granulomatous 
lesions of the spleen, liver and kidney had led to a gross anatomic diagnosis of 
miliary tuberculosis. The lesions had the histologic structure of giant Aschoff 
bodies. Similar smaller lesions were present in the myocardium. From the his- 
tologic study of this series of cases Rossle concludes that the limits of what is to 
be included under rheumatic infection must be broadened to include a wide variety 
of mesenchymal reactions. q q- Schultz. 


Healing Stages of Periarteritis Nodosa and Their Relation to 

Juvenile Atherosclerosis. E. Jager, Virchows Arch. f. path. Anat. 288: 
833, 1933. 

Healed lesions of periarteritis nodosa are rarely seen, because the disease is 
usually a continuous and progressive process. In three men who died at the 
ages of 37, 30 and 39, the clinical duration of the illness was thirty-seven, fourteen 
and five months, respectively. In the first case a clinical diagnosis of periarteritis 
nodosa had been made early in the course of the disease. In each case necropsy 
revealed marked atherosclerosis. ]\Iicroscopic study brought to light the changes 
in the small arteries which Jager describes as the healed and healing lesions of 
periarteritis. In the case of shortest duration active lesions were also present. 
Injury to the media leads to hyperplasia of the overlying intima in the form of 
localized nodular thickenings. A single vessel may reveal several intimal nodules 
of different ages. Injury to the wall during the active stage may lead to the 
formation of miliary aneurysms; such aneurysms were seen especially in the 
coronary arteries. In the organization of thrombosed arteries or aneurysms, blood 
channels are formed; about these there develop a new elastic membrane and a 
new media. The intimal hyperplasia bears no direct relation to lipoid infiltration, 
although the intimal nodules may sometimes be formed over what were originally 
superficial areas of lipoid infiltration. The formation of the intimal cal us is not 
the result of atherosclerosis; when atheromatous degeneration occurs m the callus 
it is the result of changes in the ground substance. Nodose atherosclerosis m 
yower persons, when associated with epicardial proliferation over the nodu ar 
Leas of the coronary arteries and with scars of infarcts in the spleen and kidnej, 
should suggest the possibility of healed periarteritis nodosa. g^HULTZ 
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Chaxges IX THE Xerves, Skix axd Boxes ix Recklixghausex's Neuro- 
fibromatosis. A. Staemaxx. \ircliows Arcli. f. path. Anat. 289:96, 19oo. 

This investigation is based on the clinical study of tliirtj--five cases of neuro- 
fibromatosis, brief summaries of which are presented. Whenever possible, lesions 
of the skin, nerves and bones were removed during life and subjected to histologic 
study. One case came to necropsy. Pigmentarv' anomalies of the skin are the 
most common lesions, and are usually of such histologic character tliat they can 
be distinguished from other pigmentary ne^'i. The cutaneous tumors are 
mesenchjTnal overgrowths tliat may arise in connection witli the ne!A'es of the 
sldn. Keloids develop in scars as the result of a congenital predisposition of tlie 
mesenchjTne to overgrowtli. The lesions of the peripheral nerves described are 
tlie neurinoma and the plexiform neuroma. The lesions or the bones are dystrophic, 
and are the result of softening followed by deformity. Destruction of bone witli 
pseudarthrosis is frequent in childhood. Psychic disturbances are the result of 
the participation of the central nerv'ous system in the disease process. Changes 
in the organs of internal secretion are ascribed to the dystrophic action of the 
vegetative nenmus system. Neurofibromatosis is held by the auUior to be a 
blastomatous disease of the nervous system, which has its origin in the embrj-onic 
period of life. Abnormal impulses from the diseased nervous system cause func- 
tional and anatomic abnormalities of the A-arious organs, the various lesions of 
which are part of tlie disease itself. q -p Schultz. 


Hypertrophv of the Esoph.\gus .VXD Stomach ix .v Cvse of Recklixg- 
K.vusEX'^s Xeurofibrom-vtosis. H. T. Scherer, ^■^rchows .\rch. f. path. 
-\nat 289:127, 1933. 


The localized h\-pertrophy of organs or limbs tliat is not im'requently associated 
witii neurofibromatosis is held by some to be a concomitant but independent mal- 
development, and by others to be an essential part of the disease due to trophic 
disturbances through involved nerves. The condition here reported occurred in 
a man who died at the age of 53 as tlie result of hemorrhage from an acute ulcer 
of the cardiac end of tlie stomach. The extenial manifestations were those of 
typical neurofibromatosis. Internal examination at necropsy revealed fusiform 
and nodular enlargement of both vagus nerves and marked tliickening of the wall 
of the esophagus and stomach. The appendix ivas abnormally long and tliick. 
Microscopicalh'. the thickening of tliis organ was due to neurinomatous h\-per- 
plasia oi the submucosa. Increase in the tliickness of tlie wall of the esophagus 
and stomach was due to hv^perplasia of tlie circular and longitudinal muscle, witli- 
out an abnormal increase in the nerve elements. The axis-cylinders oi tlie vagi 
were separated by neurinomatous proliferation, but were not interrupted or 
appreciably damaged, although they exhibited slight fusiform enlargements. The 
autlior inte^rets the muscular hypertrophy of tlie esophagus and stomach as 
the result or abnormal stimuli that reached Aese organs through the altered vagus 


nerves. 


O. T. Schultz. 


M. Yerse, Virchows 


KtcuRREXT Exdometriosis OF Lap.vrotomv Scar. 

-Wch. i. path. Anat. 289:186, 1933. 

This is a briet report of an endometrial nodule that developed in a laparotomj' 
thr^ fourths of a year after a similar nodule had been excised from the scar. 
The first nodule was removed one and three-fourths years after laparotomy and 
an operation on the uterus. c- 

O. T. Schultz. 

U.PIDERMAL Cysts Follouhxg the Ixtectiox of Irr.\dl\ted Ergosterol. 
H. S-VXDER, ^ irchows Arch. f. path. Anat. 289 : 190, 1933. 

Epidermal cj-sts develoiied at the site of injection of irradiated ergosterol into 
me vein of the ear in thirteen oi twenty-two rabbits. The cv'sts were derived from 
hair lollicles and sebaceous glands. Ereosterol tliat had not been irradiated did 
not have a similar effect. rr. r- 

U. T. Schultz. 
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Comparison of Compensatory Hypertrophy of the Thyroid Gland with 

That Following the Administration of Anterior Pituitary Extract. 

Martha Silberberg, Virchows Arch. f. path. Anat. 289:201, 1933. 

Previous work had shown that the intraperitoneal injection of an extract of 
the adenohypophysis leads to hypertrophy of the thyroid gland characterized by a 
change in the character of the colloid, multiplication of the follicular epithelium 
and a change in the character of the epithelium. The basal metabolic rate is 
increased. The compensatory hypertrophy that follows the removal of a lobe is 
characterized by an increase in the number of epithelial cells, with no change in 
their character. The growth stimulus of resection of a lobe is therefore held to be 
purely quantitative in its effect, whereas the stimulus of pituitary extract is 
qualitative in its effect. The purpose of the present experiments, which were 
carried out on guinea-pigs, was to determine the influence of the two kinds of 
growth stimuli when applied simultaneously or one after the other. The experi- 
ments consisted of a control series to determine the characteristics of com- 
pensatory hypertrophy alone; a series in which resection was followed by tlie 
administration of pituitary extract, with variable periods of rest before the thyroid 
was subjected to examination; a series in which resection followed the admin- 
istration of the extract, and a series in which resection followed the injection 
of the extract and was succeeded by another series of injections of extract. In 
the normal animal the qualitative effects of the injection of pituitary extract 
reach their maximum after six injections, and the quantitative effects of com- 
pensatory hypertrophy reach their maximum at the end of eighteen days. When 
the extract was administered immediately following resection of a lobe of the 
thyroid gland, there was no summation of the two effects, but the qualitative effect 
of the pituitary extract was held in abeyance until the quantitative effect of 
resection had run its normal course. If the administration of extract was con- 
tinued for only a short period after resection, the completion of the compensatory 
hypertrophj’' was dela}'ed. The maximum degree of change resulted when the 
compensatory hypertrophy of a thyroid previously stimulated by pituitary extract 
was allowed to run its course and another series of injections was then given. 
The quantitative and qualitative growth stimuli interfere with each other, but by 
the proper alternation of periods of rest and of stimulation the maxima of the quan- 
titative and qualitative effects can be made to coincide, resulting in a thyroid 
that has the histologic structure of the abnormally functioning hyperplastic thyroid 
of exophthalmic goiter. Schultz. 


Dwarfism Due to Congenital Syphilis of the Hypophysis. Ruth 
Katzenstein, Virchows Arch. f. Path. Anat. 289:222, '1933. 

A woman, 131 cm. in height, with the stigmas of congenital syphilis, died at 
the age of 51 of cerebral hemorrhage. Growth had been retarded since the third 
j-ear of life ; she was backward in mental development ; she had never menstruated, 
and since the age of 30 she had had disturbance of locomotion and vision of a 
progressive character. At necropsj' the external and internal genitalia were found 
to be rudimentao’’) the ovaries apparently never having functioned. The sella 
turcica and the hypophysis were small. The hypophysis had a thick fibrous 
capsule; the posterior lobe appeared normal, but the anterior lobe contained only 
remnants of glandular tissue in its peripheral portion and these were separated by 
broad bands of connective tissue. The remnants of the adenohypophysis con- 
tained no basophil cells. There were no active inflammatory changes in the 
pituitarj’- gland; the changes noted were ascribed to congenital syphilis which had 
run its course. The thyroid gland was small and fibrous. The internal organs 
were hypoplastic. The author considers the hypophyseal ’involvement the basic 
condition. It led to retardation of growth in length, and to atrophy of the thyroid 
and ovaries. The changes in the latter organs led to failure of development of 
the genitalia and to hypoplasia of the other internal organs. 

O. T. Schultz. 
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Placental Changes in Syphilis. T. E. Olin, Arb. a. d. path. Inst. d. Univ. 

Helsingfors 6:377, 1931. 

These studies are based on tbirtj'-nine cases of syphilitic infection. IMicroscopic 
study demonstrated leukocytic infiltration of the decidua basalis at the marginal 
portion of the placenta. Diffuse infiltration was noted elsewhere in the decidua 
and in the intervillous septums. Hj'perplasia of the villi was observed in the 
chorion frondosum, as were leukocytic infiltration and abscesses of the villi. The 
latter occur in two forms: (1) abscesses showing proliferative changes in tlie 
stroma with partial destruction of the syncytium (the_ production of fibrin, over- 
growth of collagenous connective tissue and even giant cells may be noted) ; 
(2) the exudative tj'pe, in which the infiltrated villi fuse and combine with otlier 
tissues (macroscopicalh', the center of the inflamed area ma}' become soft and 
form abscess-like cavities ; edema of the villi is often present) . The blood vessels 
show endothelial proliferation, thickening of the intima and, frequentl}’’, obliteration 
with lymphocytic infiltration. Leukocytic infiltration of the chorion is com- 
paratively frequent. It affects the chorionic cells, tlie walls of the blood vessels 
and the stroma. There is usually associated inflammation of the amniotic 
membrane. 

The chief changes in the umbilical cord are in tlie blood vessels, which show 
endotlielial proliferation, lymphocj’tic infiltration, even into Wharton’s jelb', and 
destruction of the elastic coat. The veins are more frequently and severely involved 
than the arteries. 

Spirochetes were demonstrated in the placenta in three of the thirt 3 --nine cases. 

Antisj'philitic treatment may inhibit to a high degree most of the pathologic 
reactions. In general, it is concluded that one may be fairly sure that there is 
syphilitic infection of the placenta when hj'perplasia of the villi, miliary abscesses, 
inflammator}'' changes in the cord and vascular lesions are present. 

J. Klein. 


Microbiology and Parsitology 

Growth of Clostridium Botulinum on Synthetic Medium. W. Burrows, 
J. Infect. Dis. 52:126, 1933. 

Evidence supporting the hypothesis of essential amino-acids for bacteria is 
presented. Certain strains of Clostridium botulinum grew well on certain synthetic 
mediums. The amino-acids cj-stine, leucine and proline were essential to the 
growth of the strains of Cl. botulinum used. The amino-acids lysine and ghmine, 
while not essential, were active in promoting growth of these strains of Cl. botu- 
linum. Isoleucine and oxj-proline could be substittued for leucine and proline, 
respectiveh', as essential amino-acids. The obligate anaerobes, Clostridium welchii, 
Clostridium chauvaei, Clostridium sporogenes, Clostridium histoh'ticum and Clos- 
tridium tetani would not grow on a simple s}'mpathetic medium which would sup- 
port the growth of these strains of Cl. botulinum. The type A culture of Cl. 
botulinum used showed better growth on these mediums than either of the two 
tjpe B cultures. Author’s Summary. 

Lithium Chloride ^Mediums for Preservation and Recovery' of the 
Typhoid Bacillus in Feces. L. C. Havens and C. R. Mayfield, J. 
Infect. Dis. 52:157. 1933. 

Lithium chloride has a sharp selective action on tlie tj-phoid-colon group. In 
mediums containing concentrations of 0.5 per cent, lactose-fermenting organisms 
are inhibited, while Bacillus tj'phosus and rnanj' of the Salmonella group grow 
well. The advantages of a simple, inorganic compound with uniform action over 
a complex substance such as brilliant green, which must be titrated and carefully 
adjusted, are obvious. Mediums containing lithium cliloride, both for preservation 
of feces and for isolation of tj'phoid bacilli, have been described. The results of 
comparative tests indicate that acidified bile containing 0.5 per cent lithium chloride. 
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and 30 per cent glycerin containing this salt, are superior to other preservative 
mediums. The addition of 0.5 per cent lithium chloride to Endo agar greatly 
enhances the chances of recovery of small numbers of typhoid bacilli. There is a 
sharp decrease in the number of colonies of normal fecal bacteria, with a corre- 
sponding increase in the number of typhoid colonies. The motility of B. typhosus 
on lithium chloride mediums is usually reduced or entirely lost. Agglutination is 
of the somatic (O) type, in small, granular clumps. The colonies are smaller, 
more compact and less translucent. All of these characteristics return to the 
normal on transfer of the organism to ordinary mediums. Repeated platings from 
specimens of feces over a period of several days result in a significant increase 
in the number of positive results. This is particularly true when the preservative 
medium causes a progressive decrease in the fecal flora originally present. 

Authors’ Summary. 

Cataphoretic Velocity of Streptococci in Encephalitis and Other 
Diseases of the Nervous System. E. C. Rosenow and L. B. Jensen, 
J. Infect. Dis. 52:167, 1933. 

The results of a study of the cataphoretic velocities of the streptococci isolated 
from atria of infection of persons suffering from encephalitis and other diseases 
of the nervous system, and from animals in which characteristic symptoms devel- 
oped, or which died, following inoculation of the streptococci, are reported. The 
streptococci as isolated from the nasopharynx and other atria of infection, especially 
the apexes of pulpless teeth, and sometimes from the blood and involved organs 
of persons suffering from encephalitis and other diseases of the nervous system, 
possess a characteristic neurotropic cataphoretic velocity. The velocity of thie 
streptococci as isolated in cases of encephalitis shifted toward the slow velocity 
of the streptococci from influenza during epidemic waves of influenza. The marked 
neurotropic type of velocity of the streptococci found during convalescence from 
influenza suggests, perhaps, why encephalitis and other diseases of the nervous 
system, such as epidemic hiccup, polio-encephalomyelitis, radiculitis and neuritis, 
are so prone to occur following attacks of influenza or epidemics of influenza. 
The serums of almost all patients having encephalitis and certain other diseases of 
tlie nervous system had specific velocity-slowing effects on the respective strains 
of streptococci isolated in cases of encephalitis and having neurotropic velocity. 
Cataphoretic measurements of the streptococci isolated from atria of infection and 
measurements of the specific slowing effect of the serum of the patient have proved 
of value in the differential diagnosis in puzzling cases. Prolonged use of vaccines 
containing streptococci having chiefly neurotropic velocity, as isolated especially 
from animals given injections of material derived from patients having encephalitis 
and other diseases of the nervous system, has been followed by improvement in 
symptoms and concomitant disappearance of neurotropic streptococci from the 
nasopharynx in some cases. The results of the studies by the new methods sup- 
port the hypothesis that streptococci having a common physical characteristic, 
namely, neurotropic cataphoretic velocity, are directly or indirectly etiologic in the 
diseases of the nervous system studied. Authors’ Summary. 

Anaerobic Gram-Negative Bacilli from Abscess of the Lung: Toxin 
Production as Demonstrated by the Shwartzman Phenomenon. 
J. Cohen, J. Infect. Dis. 52:185, 1933. 

In this paper there are reported additional observations concerning isolation, 
cultivation and classification of certain gram-negative anaerobic bacilli isolated 
from abscess of the lung. For the study of the toxic factors produced by these 
bacilli, the Shwartzman phenomenon was employed. When the organisms were 
grown in the culture mediums described in the text and their filtrates injected 
intravenously into rabbits which had been prepared twenty-four hours previously 
by cutaneous injection of potent heterologous toxins (i. e., meningococcus toxin). 
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approximately 80 per cent of the rabbits showed areas of hemorrhagic necrosis. 
With some organisms from abscess of the lung, attempts were made to reproduce 
the Shwartzman phenomenon by the use of homologous filtrates^ for cutaneous 
preparation. Of these organisms, only filtrates of Bacterium melaninogeni^m (in 
symbiosis with Streptococcus gamma) and Leptothrix proved potent.^ Further 
work on the pathogenicity of the various organisms, to be reported, points to the 
interesting fact that only those organisms which give the^ positive Shwartzman 
phenomenon when they are grown in suitable culture mediums are also able to 
produce severe necrotizing lesions in the lungs of rabbits. 

Author’s Summary. 

Selective Action of Crystal Violet and of Brilliant Green on Bac- 
teriophages. A. Y. Wells and N. P. Sherwood, J. Infect. Dis. 52:209, 
1933. 

A selective phagistatic action of crystal violet and brilliant green on the bac- 
teriophages tested has been demonstrated, and the results suggest that there is 
a correlation between the selective action of crystal violet on bacteria and their 
respective bacteriophages. High concentrations of dyes were required to effect 
inhibition of the bacteriophages. A high dilution of the primary dye solutions 
(inhibiting dilutions) to the point where there would be no inhibition of bacterial 
growth was a requisite in demonstrating the activity or inactivity of the lytic 
principles after each period of incubation. Under the conditions of the experiment, 
the bacteriophages that lysed gram-positive bacteria were completely inhibited by 
concentrations of crystal violet which did not appear to diminish the activity of 
the bacteriophages that lysed gram-negative bacteria. The inhibitive property of 
brilliant green was extremely variable when compared with that of crystal violet, 
but nevertheless distinct with one bacteriophage of the colon bacillus in particular. 

Authors’ Summary. 


Actinobacillosis of Cattle in the United States. L. Thompson, J. Infect. 

Dis. 52:223, 1933. 

Actinobacillosis is common among cattle in the United States. It would seem 
that the condition here is similar to that in other countries in which the greater 
percentage of the so-called bovine actinomycosis is due to Actinobacillus lignieresi. 
The condition known as “wooden tongue’’ is said by European investigators to 
be entirely due to this organism. One case of this kind in the present study 
yielded a culture of Actinobacillus. Most cases of involvement onl}'- of the cervical 
glands were due to Actinobacillus. On the other hand, the few cases of infection 
of bone encountered in this series were due to Actinomjxes. Both Actinobacillus 
and Actinomyces produce the aggregations known as “sulphur granules.” The 
quickest way of distinguishing the two organisms in pus is by staining the crushed 
granules by Gram’s method. Actinomyces granules stained in this way show 
numerous gram-positive, rod-shaped forms, whereas those of Actinobacillus give 
no gram-positive organisms, but with careful search a few small, gram-negative, 
bacillary forms may usually be found. The only points of similarity between the 
two organisms are the ability to produce similar lesions in cattle and the ability 
to form sulphur granules. The granules formed by Actinobacillus are usually less 
conspicuous and can often be found only with the aid of the microscope. Agglutina- 
tions and absorptions of agglutinins indicate that there is variation among strains 
of Actinobacillus as to antigenic structure. There is, however, a certain amount 
of cross-agghitination in all strains. Considerable experience with various strains 
and with control serum would be necessary before the agglutination test could be 
relied on to detect infection among cattle. It is possible that a better wav of 

Author’s Su.^^^^ARY. 


preparing antigens might be found. 
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The Pathology of Psittacosis in Animals and the Distribution of 
Rickettsia Psittaci in the Tissues of Man and Animals. R. D. Lillie, 
Nat. Inst. Health, Bull. 161, 1933. 

The lesions of psittacosis in naturally and experimentally infected parrots and 
parrakeets are described. Rickettsia psittaci has been demonstrated in epithelial 
cells of the small intestine, ureter, renal secreting tubules and bile ducts, in epi- 
thelioid cells, macrophages, reticulo-endothelial cells and mesothelial cells of parrots, 
in the epithelium of the renal collecting tubules in parrakeets, and in macrophages 
and alveolar epithelial cells in the lung and in hepatic cells in man. It seems 
indicated that Rickettsia psittaci is primarily an epithelial parasite, and enters 
cells of the macrophage-reticulo-endothelial series secondarily as the epithelial cells 
break down. An etiologic relationship of Rickettsia psittaci to psittacosis seems 
indicated, though not proved. 

The Liver in a Fatal Case of Epidemic “Catarrhal” Jaundice. J. F. 
Gaskell, J. Path. & Pact. S6:25T, 1933. 

A case of death from hemorrhage on the third day of acute epidemic 
“catarrhal” jaundice is described in a patient who had had tonsils and adenoids 
removed. The condition found was acute hepatitis, the biliary canal system being 
permeable throughout and intact. The case was not due to spirochetal infection. 
It is concluded that epidemic “catarrhal” jaundice is a hepatitis. The condition 
found supports the view that acute and subacute atrophy of the liver are the 
severe tj^pes of epidemic infective jaundice or its sporadic form. 

Author’s Summary. 

Variants of Clostridium Welchii. C. A. McGaughey, J. Path. & Bact. 36: 
263, 933. 

From an authentic strain of Clostridium welchii, by selection and repeated sub- 
culture of colonies, two variants have been isolated which have remained stable 
during a period of observation of about four 3 "ears. The variants, designated 1 
and 2, differed from the parent strain and from each other in form of colony, 
growth in broth, the size and shape of individual bacilli, sporulation and forma- 
tion of capsules. They resembled the parent strain and each other in fermenta- 
tion activity, in giving an acrolein test, in liquefying gelatin and in producing 
a storm}' clot in milk. Variant 1 at one stage appeared to be incapable of pro- 
ducing toxin but later produced small amounts of toxin in culture. Variant 2 
produced from three to six times as much toxin as the parent strain. The pro- 
duction of hemolysin in culture followed exactly changes in the production of 
toxin. By agglutination tests the antigens of both variants differed completely 
from the parent strain. The antigens of variants 1 and 2 were closely related 
and perhaps identical. Mucoid types of the parent strain and of both variants 
have been noted. The importance of these results in the production of Cl. welchii 
toxin and their possible application to the study of Cl. welchii infection and 
immunity is suggested. Author’s Sujimary. 

Dissociation in Certain Mycobacteria. M. H. Christison, J. Path. & 
Bact. 36:285, 1933. 

Brinckeroff’s “lepra” bacillus, the fish tubercle bacillus (Cobbett), the tortoise 
tubercle bacillus (Friedmann) and Mycobacterium rubrum (Sohngen 335) dis- 
sociate into numerous colony types varying greatly in the complexity of their 
structure. The colonies show varying degrees of stability which depend to some 
extent on environmental conditions. There is no evidence of absolute stability 
among any of the variants, and therefore an attempt to base a classification of these 
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organisms on colony tj-pes and their related characters is regarded as impracticable. 
Variation also occurs in other characters, such as the type of grov.-th in fluid 
medium, emulsibility in saline solution, cell morpholog 3 -, pigment formation and. 
in the case of the fish tubercle bacillus, abilitj' to absorb dye from gentian %-iolet- 
egg medium. Author’s Summ.-vey. 


PNEUMOCOCC.A.U Infection ix Ikfakcy and Childhood. J. W. S. Bl.a^cklock 
and K. J. Guthrie, J. Path. & Pact. 36:349, 1933. 

The pathology and bacteriologj' of pneumococcic infections in infants and 
children of the hospital class are discussed. In cases of acute respirator}' disease, 
throat swabs were used for isolating the pneumococcus as sputum is not easily 
obtained in the young child. In 38.6 per cent of healthy children, pneumococci 
were found in the throat, 96.7 per cent of these being group IV strains. The 
accurac}' of the results of the examination of the throat swab in a series of cases 
of pneumonia were confirmed in 88.5 per cent. Some of the cases of pneumonia 
which did not come to autopsy could not be definitely classified. In a few cases 
the lesions in the lungs histologically showed characters of both lobar pneumo- 
nia and bronchopneumonia; such mixed, types were most frequent in the second 
year of life. Pneumococci from 140 cases of pneumonia were ti'ped, 9.3 per cent 
belonging to the fixed ti-pes (chiefly types I and II) and 90.7 per cent to group IV. 
The mortalit}' rate of the fixed ti-pe infections was 38.5 per cent and of the 
group IV infections, 40.9 per cent. In adult cases of lobar pneumonia investigated 
simultaneously in the same cit}-, 73 per cent were due to types I, II and III 
pneumococci and only 27 per cent to group IV. The bacteriolog}’ of broncho- 
pneumonia was studied post mortem in a series of cases. Pneumococci were 
found in 85.5 per cent, streptococci in 7.3 per cent, influenza bacilli in 6.1 per 
cent and Staphylococcus aureus in 1.1 tier cent Pus from the pleura in 114 cases 
of empyema yielded pneumococci in 68.4 per cent, streptococci in 17.5 per cent and 
other organisms in 14 per cent. The mortality was slightly higher in pneumo- 
coccic than in streptococcic empyemas. Pneumococci were ti'ped in 66 cases of 
empyema, and 30 belonged to t}'pe I, 1 to ti-pe II, and 35 to group IV. The 
incidence of fixed t}'pe infections rose with the age of the child, group IV strains 
predominating in the empyemas following bronchopneumonia in early childhood. 


The mortality rate in fixed type infections was 32.2 per cent, and in group I^' 

infections, 54.3 per cent. Of 27 cases of primar}' pneumococcic peritonitis, 2^ 

(88.9 per cent) were in girls and 3 in boys. In 10 of the 11 female children 

examined at autopsy, the peritoneal lesion was most acute in the pelvis. Of the 

3 boys, only 1 ivas e:vamined post mortem, when no lesion except peritonitis was 

found. In 13 cases type I, and in 2 cases ti-pe II, pneumococci were isolated from 

the peritoneal exudate. Pneumococcic peritonitis secondar}' to pneumonia was 

rare, occurring in only 2.4 per cent of the cases, and in these the thoracic lesions 

were severe. Pneumococcic meningitis occurred most frequently as a sequel to 

acute otitis media and was primary in onh- 17.6 per cent of the cases studied. Of 

the pneumococci isolated from the cerebrospinal fluid, 84.2 per cent belonged to 

group IV. Purulent otitis media was present in 21.1 per cent of 2.000 consecutive 

autopsies ; the pneumococcus ivas the predominating organism in the pus from this 

lesion. The commonest complication in a series of cases of pneumonia examined 

post mortem was acute otitis media. In 33 cases of acute middle ear disease, 

pneumococci were ti'ped, 93.9 per cent being group IV strains. Infection was due 

to group IV pneumococci in 70.6 per cent of a series of surgical lesions, (arthritis. 

orchitis and acute abscesses). On arranging the 292 strains of pneumococci 

isolated from various acute lesions according to type of coccus and age of patient, 

it was found that the percentage of infections with fixed t}'pes was much greater 

in older children than in those under 3 vears. a > c 

-•\UTHORS Su,M5fAR'V. 
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Diphtheria-Like Organisms from Nasopharynx. M. M. Barratt, T Path 
& Bact. 36:369, 1933. 

A group of aberrant diphtheria-like organisms have been described which, while 
resembling Corynebacterium diphtheriae, differ from it in certain cultural char- 
acters, most notably in their capacity to liquefy gelatin. The lesions produced 
in guinea-pigs by intradermal injection of the organisms are more papular and 
pustular than those following injection of typical C. diphtheriae. Diphtheria anti- 
toxin does not prevent these cutaneous lesions and even in large doses does not 
save the life of the animal if more than one or two minimal lethal doses are given 
subcutaneously or with some strains even if only one is given. Toxic filtrates 
produce lesions of the skin which do not resemble those of C. diphtheriae. Diph- 
theria antitoxin, unless given in larger doses than from 80 to 100 units to one 
minimum lethal dose of toxin, does not protect the animal from death. The 
aberrant strains differ further from C. diphtheriae in being pathogenic for rats by 
intraperitoneal inoculation. When the characters of the aberrant strains differ 
culturally or biologically from those of C. diphtheriae, they approach, if not com- 
pletely, those of Corynebacterium pseudotuberculosis-ovis (bacillus of Preisz- 
Nocard). Although evidence is lacking of the association of the strains studied 
with severe cases of clinical diphtheria, the occurrence in the human nasopharynx of 
diphtheria-like organisms, the pathogenic effects of which in the guinea-pig are not 
prevented by diphtheria antitoxin, has been established. Therefore, the possibility 
that strains of this type play a part in the causation of cases which do not respond 
favorably to antitoxin cannot be altogether ignored. Author’s Summary 

Quantitative Determination of Bacteriophage Activity. C. Dreyer and 
M. L. Campbell-Renton, J. Path. & Bact. 36:399, 1933. 

Evidence has been produced to show that the generallj'^ accepted view that the 
number of plaques produced increases in direct proportion to the increase in the 
concentration of the bacteriophage does not hold, but that a relatively smaller 
number of plaques is produced by the higher concentration. The ratio between 
the concentration of the bacteriophage and the number of plaques formed may be 
represented graphically by a “standard” curve, based on our observations. This 
standard curve is applicable to all the experiments we have carried out, independent 
of the strength of the bacteriophage, the number of bacteria on which it acts and 
the concentration of agar. It also seems to apply to results obtained by some 
previous workers. This standard curve constitutes a basis and fixed standard for 
the quantitative determination of the activity of any bacteriophage. We have 
shown, in agreement with Gratia, Gjorup and Burnet, and contrary to the observa- 
tions of d’Herelle, Bronfenbrenner and Korb, Asheshov, Marshall and others, 
that the number of plaques produced by the same concentration of bacteriophage 
increases with increasing numbers of bacteria, up to a maximum, and then tends 
to decrease; at the same time the size of the plaques is diminished. When bac- 
teriophage acts on bacteria spread on 1.5 and 4 per cent agar, respectively, fewer 
and smaller plaques are produced by the same concentration of bacteriophage on 
the strong agar than on the weak agar. The admixture of homologous organisms 
killed at 100 C. to the inoculum reduces the activity of the bacteriophage. It has 
been found that the Pasteur bacteriophage used for our experiments deteriorates 
rapidly at 37 C., and that the rate of deterioration may be satisfactorily expressed 
by the equation for a monomolecular reaction. Authors’ Susimary. 

The Appendix in the Prodromal Stage of Measles. W. H. Schultze, 
Miinchen. med. Wchnschr. 80:576, 1933. 

Histologic sections of an appendix removed from a girl 10 years of age, with 
appendical symptoms, showed no evidence of acute appendicitis, but did show large 
numbers of giant cells in the mucosa and submucosa. Ten or more nuclei were 
present in the cells. Schultze was familiar with the findings of similar giant cells 
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in the appendix during the prodromal stage of measles which were reported by 
Finkeldey (Finkeldey, W.: Virchou’S Arch. f. path. Amt. 284:518, 1932) and 
by Walter Fischer at Wiesbaden in 1932. Schultze diagnosed measles from the 
histologic picture, and a typical rash actually developed in the child on the day 
following the operation. Schultze was apparently unaware of the fact that the 
first case of this tj-pe was reported in the American literature by Herzberg in 
Januarj-, 1932 (/. A. M. A. 98:139, 1932). D.widsohx. 

Immunology 

Tuberculous Ski.x Re.-\ctiox. E. S. Mariette and E. P. K. Fexger. -Am. Rev. 

Tuberc. 25:357, 1932. 

The if A 100 human protein (identical with the original tuberculoprotein 
isolated by Seibert) is as sensitive and as selective as old tuberculin, and probably 
more so. ' The initial and subsequent doses recommended for the M A 100 human 
protein are safe, in that dangerous reactions are not encountered. The initial 
and subsequent doses recommended for il.AlOO human protein are large enough 
to identify the majority of tuberculous persons, and apparently do not need to 
be increased. The if -A 100 proteins are apparently not specific, at least in large 
doses. There is apparently a protein substance common to all acid-fast bacilli, which 
if given in large enough doses, will elicit the same tjTie of reaction as that obtained 
from old tuberculin. As tlie M -A 100 protein represents a substance in a puri- 
fied form which can always be reproduced at the same iso-electric point and 
which can be weighed out in milligram doses, so that the e-xact content of the 
solution in milligrams is known, it is a better testing substance than old tuberculin 

H. J. CORPER. 

Serum Sickxess i.v Rabbits. AI. S. Fleisher and L. Joxes, J. Immunol. 

24:369 and 383. 1933. 

The serum of individual normal horses shows variations in activity in producing 
serum sickness in rabbits, so that the occurrence of this manifestation may vary 
betu'cen 93 and 24 per cent. Similar variations in the activity of two batches of 
pooled serums have been noted, the variations being between 60 and 35 per cent. 
Differences have also been noted in the activity of antiserums of \'arious types. 
Xo eridence has been obtained suggesting that the immunization of animals 
increases or materially alters in any way the possibiliU' of the serum causing 
serum sickness. It appears that beef serum is probably less active in causing 
serum sickness than is horse serum; and sheep or hog serum is definitely less 
actn-e than horse or beef serum in this regard. The addition of as much as a 
0.35 per cent concentration of phenol to serum does not apparently alter its actiritj* 
in causing serum sickness. -Aging of the serum (up to nineteen months) does 
not alter its power to cause serum sickness. The reactivitj" of the individual animal 
may be a determining factor in the occurrence of serum sickness. 

hen rabbits receive a second injection of serum after an interval of time, 
they may show reactions of immediate, accelerated or normal serum sickness. These 
reactions in the rabbits are essentially analogous to the reactions appearing in man 
subsequent to a second injection of serum. The time elapsing between the first 
and second injections appears to be a factor in determining the t 3 'pe of reaction 
which will occur. If onh' twelve days elapse, no abnormal reactions are noted: 
if about two weeks, a few mild accelerated reactions appear ; and if from twenty to 
thirh'-three days, a larger number of more marked accelerated reactions are 
erident, and a few immediate reactions occur. At from thirt 3 '-six to fiftj'-three 
daj's more immediate reactions and quite a number of accelerated reactions occur; 
at this period abnormal reactions occur in a larger percentage of animals than 
at any other. -At from three to four and one-half months only immediate reactions 
were observed. Finally, at si.x months no immediate reactions were produced: 
o reactions were noted, and a number of reactions which were on 

the borderline between accelerated and normal and a number of normal reactions 
were observed. 

-Authors’ Su.mmaries. 
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Hemorrhagic Allegry: II. Shwartzman axd Arthus Phenomena. Andre 
Gratia and Roger Linz, Ann. Inst. Pasteur 50:89, 1933. 

In rabbits given 0.5 cc. of horse serum intravenousl 3 ' followed after eight weeks 
by 0.1 cc. injected intradermally the edema of the Arthus phenomenon developed. 
As the test was repeated more congestion and less edema were apparent, and the 
lesion finally appeared as an intense hemorrhagic lesion identical with Shwartz- 
man’s reaction and not given in the classic descriptions of the Arthus phenomenon. 
From about 15 to 20 per cent of the experiments performed on rabbits yielded in 
a marked degree the result described, and as many animals were refractory— a 
distribution correlating with the Shwartzman reaction, and including identical 
animals. Fatal anaphylactic shock occurred in the animals with the hemorrhagic 
lesions, but not in the refractory animals. Both the Arthus and Shwartzman 
reactions occurred in the same animal simultaneously, appearing eventually identical 
and without reciprocal desensitization. Each reaction, however, failed to desensitize 
specificallj’^ against its own type. Both reactions desensitized guinea-pigs and 
rabbits against serum shocks, often only partially. Reciprocally, a nonfatal serum 
shock desensitized these animals against the Arthus reaction but apparently not 
against the more violent Shwartzman reaction. There appears to be only a simple 
quantitative difference in intensity and rapidity between these reactions, as though 
microbial products stimulated a local hypersensitivity in a few hours, whereas 
other antigens required several weeks. Authors’ Conclusions. 

Grundfil-vgen der Ijimunbiologie und Allergielehre. 

This is a special number of Immunilat, Allergic und Injektionskranhheiicn. The 
editor-in-chief is Fr. Michelsson, and among the associate editors are Degkwitz, 
Schlossberger, van Leeuwen and others. The publisher is Otto Gmelin, Munich. 
The journal serves the needs of the practicing physician; its purpose is therefore 
informatorjL The contents are reviews bj"^ authors who are recognized authorities 
on their assigned subjects. In the special issue which is revieived nine authors 
discuss on 112 pages subjects well deserving to be summarized, as is done in the 
titles. The original contributions of the authors form the background against 
which the results obtained by other authors are projected and discussed. L. Bogen- 
doerfer discusses the relation between immunity and the reticulo-endothelial and 
endocrine systems. In addition to others, his own experiments have established 
such relations, as is shown b 3 ’’ the fact that severing the spinal cord at the level 
of the sixth cervical vertebra inhibited the development of agglutinins in dogs. 
The same inhibition was brought about by the administration of a s 3 'mpathicotropic 
drug (ergotamine). E. F. Mueller writes about the skin, the S 3 TOpathetic nervous 
system and susceptibility to disease. Ivanic and Dimitrijevic-Speth summarize the 
biokinetic theor 3 ’- of infection, the experimental basis of which is largely their own 
contribution. The motility of bacteria is linked with their pathogenicity and 
virulence in a very convincing manner, A new classification of infectious diseases 
is deduced. Chapters on latent infection, by Schlossberger and Koch, and on 
paradental focal infection, by Leschke, follow. Pockels reviews his successful 
attempts at increasing immunologic responses by the administration of extracts of 
the spleen and the lungs and of reticular endothelium. Niekerk reviews the present 
knowledge of allergens and brings out the weaknesses of the hypothesis of the 
all-important significance of heredity in allergic susceptibility. It is possible that 
the differences between allergic and normal persons are merety quantitative. 
Recent investigations on the chemisto’’ of allergens are analyzed. A great deal 
of information is condensed in 13 pages on allergic diathesis b 3 '' Kaemmerer, He 
defines diathesis as an individual, congenital and, frequenthq hereditar 3 ' condition, 
in which plwsiologic stimuli produce an abnormal reaction. He advocates the 
use of the term “diathesis” in preference to the terms “constitution” • and “disposi- 
tion” because the former has the meaning of a nonspecific state and the latter of a 
transient state. Kaemmerer agrees with the great number of those who are 
unable to see an absolute difference between anaphylactic conditions in animals 
and the phenomena of allergic h 3 "persensitivity in man. In the final chapter Hof- 
bauer stresses the significance in asthma of local conditions in the upper respiratory 
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tract particularly of the nose, and supports his contentions by means of well selected 
experiments on 'animals. In addition to the local conditions, internal secretory 
disturbances are pathogenic factors. I_ D.wmsoHX. 

Defense Mech.vxisms in Chickex Spirochetosis. I. Kritschewski and 
P. L. Rubixsteix, Virchows Arch. f. path. Anat. 287:566, 1932. 

Chickens infected witli Spirochaeta gallinarum were killed at different intervals. 
Histologic examination ot the organs with special spirochetal stains rei ealed tliat 
the spirochetes gradually become dissolved after undergoing degenerative changes 
such as splitting and fragmentation. Phagocytic processes were seen only rarely 
and apparently do not play an essential role in tlie destruction of the spirochetes. 
It seems most likely, therefore, that the destruction of the spirochetes is due to the 
action of specific lysins. "W. SapHIR. 


IsoLATiox OF Group-Specific Agglutixogexs of Erythrocytes. A. 
luHASZ-ScH-fFFER and A. Vaxxoth, Ztschr. f. d. ges. exper. Med. 86:809, 
1933. 

The authors have attempted to separate the agglutinin factor from the stroma 
of erv-throcj-tes. This problem is of practical importance for the determination of 
questionable blood groups. Previous autliors (Hektoen, Schulhof and Jacoby) 
have shown tliat this factor is of albuminous nature. The agglutinogen is bound 
to the stroma of the erj-throcHe and cannot be demonstrated in the serum. The 
stroma forms agglutinin even after removal of the hemoglobin. The authors were 
unable to demonstrate an agglutinogen bj' washing erj-throcytes in a physiologic 
solution of sodium chloride or b}- causing hemolysis. Nor were they able to inhibit 
agglutination by tliese means. It is concluded that the agglutinin principle of the 
erjlhrocA-tes cannot be separated from the stroma. It seems that iso-agglutination 
is due to a physicochemical property of the stroma rather than to a special substance. 

L. KlEix. 


Tumors 


Productiox of S.-^rcoma by Bacilli. V. Fischl and E. Kuss.vt. Ztschr. f. 
Krebsforsch. 36:276. 1932. 


The e.xperimental results reported earlier in 1932 by Bellows and .\skanazy, 
to the effect that spore-forming bacilli isolated from ripe tomatoes would induce 
peritoneal sarcomatosis of rats if injected repeatedly, could not be confirmed by 
these writers. Organisms from other vegetable sources were similarly tested 
without result. £ Eggers. 


Frequexcy of Pulmox.vry’ Caxcer. a. E. Sitsex, Ztschr. f. Krebsforsch. 

36:313, 1932. 

Sitsen questions the authenticit}' of the statistics that have appeared with some 
frequency tending to show an increase of cancer of the lung in recent years. 
He points out that with them attention is seldom paid to the altered age distribution 
in the general population, and he states that no increase in the incidence of this 
cancer could be found in statistics collected bv him at Innsbruck, after this factor 
had been evaluated. ' E. Eggers. 


Maltgx.\xt Tumors axd Arteriosclerosis. T. C.asper, Ztsclir. f. Krebsforsch. 

36:354, 1932. 

Casper presents statistical evidence from his own collection that as a rule 
pncer and arteriosclerosis do not occur in association, though, of course, the rule 
is one wiA numerous exceptions. This negative relationship can scarcely be a 
matter of direct causal association, and Casper suggests that the explanation may 
be a matter of cholesterol metabolism. Animal e.xperimentation, however, would 
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tend to show that an excess of cholesterol contributes toward both arteriosclerosis 
and the occurrence of cancer, so that the explanation, if along these lines, must 
rest on some as yet unrecognized alteration of cholesterol metabolism. 

H. E. Eggers. 

Increased Incidence of Pulmonary Cancer. A. Syrek, Ztschr. f Krebs- 
forsch. 36:409, 1932. 

In autopsy statistics collected by the Gesellschaft der Arzte at Warsaw, there 
has been a threefold increase in cancer of the lung from 1925 to 1930 over the 
corresponding period from 1919 to 1924. As usual, the cases are predominantly 
in male patients. The Warsaw statistics are of some especial interest, as they 
apparently rule out certain suggested etiologic factors. Industrial irritation may 
apparently be excluded, as the cases were largely of rural origin; so, too, the 
possible effect of automobile exhaust gases. The predominance in males would 
cast doubt on the effect of previous influenza. Of other suggested factors, the 
effects of tobacco and of exposure to war gases remain as possibilities. 

H. E. Eggers. 

Carcinosarcoma. M. Bosenberg, Ztschr. f. Krebsforsch. 36:416, 1932. 

Bdsenberg reports six cases of what he considers mixed malignant growths. 
The first is a squamous cell carcinoma in association with a spindle cell sarcoma; 
the second, an adenocarcinoma and a mixed cell sarcoma of the liver; the third, 
a keratinizing prickle cell carcinoma and a mixed cell sarcoma; the fourth, a 
similar carcinoma with a lymphosarcoma (?) of the uterus; the fifth, a slightly 
keratinized prickle cell carcinoma and a mixed cell sarcoma of the lung, and the 
sixth, a basal cell carcinoma and a spindle cell sarcoma of the skin. The author 
considers the last two cases as collision tumors. A rather extensive bibliography 
is appended. e. Eggers. 


Frequency of Bronchial and Pulmonary Cancers in 1925-1931. E. Dise- 

MANN, Ztschr. f, Krebsforsch. 36:563, 1932. 

While the j^early incidence of pulmonary cancer as observed at the Deutsche 
pathologische Institut at Prague during the years considered showed a marked 
fluctuation at the end of the period the deaths from these cancers were found to 
constitute 16.47 per cent of all deaths from carcinoma. Eighty of 7,855 autopsies, 
dr 1.02 per cent, revealed bronchial or pulmonary cancers ; that is, these types consti- 
tuted 10.85 per cent of all cases of cancer. This was a definite increase over the 
preceding fiW years. In regard to the distribution according to age, the highest 
incidence was seen in the sixth decade. The increase involved principally the male 
sex, in which the rate was quadruple that of the preceding five years, while in 
female patients it was double. A considerable proportion of the patients had been 
unduly exposed to excessive inhalation of smoke or dust. More than 50 per cent 
came to Prague from western Bohemia. E. Eggers. 

Cytodiagnosis of Malignancy in Puncture Fluids and Secretions. 

H. ICarp, Ztschr. f. Krebsforsch. 36:579, 1932. 

Karp has made a critical study of the method of cytodiagnosis of malignant 
tumors as suggested by Quensel, and emphasizes the following differential criteria 
between cells desquamated from serous linings and those of cancerous growth: 
The former cells are ordinarily from 15 to 20 microns in diameter, are regularly 
round or ovoid in outline, and frequently are grouped in irregular plaques, the 
margins of which are obscured by a sheath of structureless proteid material. 
Fat 'deposits or vacuoles are present in the cytoplasm with some frequency; the 
nuclei range from 5 to 12 microns in diameter, and the nucleoli, from 1 to 2 
microns. The ratio of nucleolar to nuclear surface varies from 1:25 to 1 : 100. 
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With tumor cells, there is much greater %-ariation oi size; vacuolation may be 
characteristic, with the appearance of peculiar giant vacuoles from 40 or 50 
microns in diameter to a maximum of 90 microns. Xuclear diameters range 
from 5 to 24 microns ; those of tlie nucleoli, from 4 to 12 microns. The relative 
increase of the nucleolus is almost characteristic, and the ratio of areas may 
ranae from 1:20 to 1:4. Irregular deposition of chromatin — pyknosis or local 
accumulation — is more frequent in tumor cells, and hyperchromatosis of the 
nuclear margin is frequently present. Either tj'pe of cell may shovr phagocj-tosis. 
With these criteria, diagnoses have been confirmed at autopsy -with some 
regularitj-. H. E. Eggers. 

Prijl\ry Wvligx.^xt Tumors of Serous Lixixgs. B. Fischer- Wasels. Ztschr. 
f. Krebsforsdu 37:21. 1932. 

In the opinion of Fischer-^^'asels, the existence of tumors, either benign or 
malignant, of primary origin in the cells lining the serous bod\' cavities is exceed- 
ingly doubtful. Definite demonstration of such origin has still to be made. In 
tumors M-hich have up to the present been reported as of this character, nothing 
convincing has been observed. In general, their properties are those of other 
common tumor forms, usually those of undifferentiated carcinomas. Tumors of 
imquestionable primary location in these sites are regarded as originating from 
the results of embiyologic displacement. In the author's opinion, the identification 
of this group of tumors by the demonstration of histologically intermediate cell 
tj'pes is uncom-incing and productive of error. g Eggers. 


Ia'crease of Pulmox.\ry C.A.XCER AXD Its P.\TH0GEXE5IS. W. X'owicki. 

Ztschr. f. Elrebsforsch. 37:83. 1932. 

This study of the relative incidence of pulmonaiy cancer is based on autopsy 
material obser^•ed at Lv.-ov.’ (Poland) during the last thirt\--five years, amounting 
to approximatelj* 31.000 cases. Of the seven five year periods considered, in the 
first the incidence of cancer of the lung amounted to 0.07 jier cent. From 1916 
to 1920, it constituted 0.60 per cent; from 1921 to 1925, 0.38 per cent, and from 
1926 to 1930, 0.47 per cent. The corresponding figures as related to total cases 
of cancer are 1.8, 9.3, 5.3 and 7.2 per cent. The increase is most striking when 
the last fifteen year period is compared with the similar one preceding ; this shows 
more than doubling of the incidence. Three fourths of the cases occurred in 
male patients; Jews and Gentiles were affected alike; more than 50 per cent of 
the cases occurred in persons between the ages of 40 and 60. Tuberculosis was 
associated only rareh*. No definite etiologic factor could be recognized, and 
Nowicld conjectures that chronic bronchial irritation, by the production of meta- 
plastic changes of the bronchial epithelium and the tendency of such changes to 
become cancerous, may be of indirect importance. tt g p-f-gEpc; 


Diagnosis of C.un'cer by Photometric Determix.\tioxs ix Vexous Blood. 

E. Sehrt. Ztschr. f. Krebsforsch. 37:94, 1932. 

Basing his work on the theory that cancer is associated with general and 
fundamental changes in body oxidation, with involvement of the hemoglobin. Sehrt 
describes the diagnostic reactions based on tlie altered behavior of the hemoglobin 
with respert to oxidative changes. In the first reaction reported, the differential 
behavior of venous blood in response to a-naphthol and dimethylparaphenylen- 
diamine, with and without the addition of potassium ferricyanide, is noted. The 
blue colors developed under these circumstances are compared; in normal blood, 
the difference between them is approximately twice that shown in the presence of 
cancer. In the second reaction, the basis is the beha\-ior of the hemoglobin in 
response to reduced methylene blue (methylthionine chloride, U. S. P.) ; in cases 
of cancer there is a definite increase of the oxidizing power of the hemoglobin. 
Sehrt believes that the increased and relatively stable oxygen-combining power of 
the hemoglobin is at least in part responsible for diminished tissue oxidation, and 
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he regards this as an important contributing factor in the genesis of cancer. 
In general, his results were well substantiated by the later course of the cases' 
studied ; however, among his normal controls, 12 per cent gave reactions of the 
cancerous type to his first test, and he regards this as evidence of a cancerous 
predisposition in these cases. Persons with esophageal cancers gave negative reac- 
tions to both tests. 


Cancerigenic Principle of Oils and Fats. T. Gassmann, Ztschr. f. Krebs- 
forsch. 37:117, 1932 

On the analysis of extracts of crude coal tar and tobacco ash, Gassmann found 
a phosphorus-iron compound to which he assigned the formula Fe (P20)2. He 
believes that this is the active cancerigenic agent of these substances. He found 
it, in combination with formic acid, in the urine of patients with cancer. 

H. E. Eggers. 

Cancer of the Female Genitalia in Children. K. K. Ortmann, Ztschr. f. 
Krebsforsch. 37:283, 1932. 

The author reports a case of vaginal cancer in a child lj4 years of age. Mor- 
phologically, the cancer was of an undifferentiated type; the photomicrographs 
suggest a similarity to the less differentiated squamous cell carcinomas, but it is 
stated that there were occasional suggestions of tubule formation. Two other cases 
of vaginal cancer and six of uterine carcinoma occurring in children are cited. 

H. E. Eggers. 


Atypical Epithelium and Malignant New Growths. H. T. Deelman, 
Ztschr. f. Krebsforsch. 37:374, 1932. 

Deelman presents a critical study of a number of non-neoplastic atypical 
epithelial new growths, with the considerations that led to their diagnoses. In the 
last case, he is forced to acknowledge that the history was an absolutely essential 
item in the diagnosis. This case was one of syphilitic hj'pertrophy of the skin. It 
illustrates strikingly the close resemblance of some of these lesions to cancer of the 
skin, a resemblance which has worried numerous pathologists. 

H. E. Eggers. 

Relations Between Benign and Malignant New Growths. H. T. Deel- 
man, Ztschr. f. Krebsforsch. 37:383, 1932. 

The study of experimental tar cancers has shown that with them there are 
stages in which the character of the lesion as regards malignancy cannot be 
determined on morphologic evidence. Similarly, there are human lesions which 
likewise are of uncertain character, and which, being biologically malignant, may 
fail to betray the fact in their morphology. The so-called transition from a benign 
to a malignant lesion, in Deelman’s opinion, really signifies that morphologic 
evidence of malignancy has not yet appeared in lesions which are already bio- 
logically cancerous. jj. E. Eggers. 

Calcified Epithelioma of the Skin. I. Tanasescu and N. P. Balan, Ztschr. 
f. lOebsforsch. 37:398, 1932. 

The case reported occurred in a child of 8, who had double lesions of apparently 
infiltrative overgrowth of the skin, with extensive calcification of the more deeply 
seated epithelial colonies. The infiltration was not malignant in the clinical sense. 
The authors explain the recurrence after operation as the result of unremoved 
accessory nodules. A review of similar cases is included. Eggers. 
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Insular Carcinoma of the Pancreas. H. PIamdi, Ztschr. f. Krebsforsch. 37 : 

411, 1932. 

In the case reported the primary tumor was seated in the tail of the pancreas, 
with free infiltration throughout the remainder of the organ and numerous 
metastases in the liver. The diagnosis was made on morphologic grounds alone, 
and no mention is made of the aberration of sugar metabolism which is usually 
such a prominent feature of carcinoma of the islands of Langerhans. 

H. E. Eggers. 


Malignant Tumors Produced by Tomato Juice. M. Plonskier, Ztschr. f. 

ICrebsforsch. 37:492, 1932. 

Plonskier’s experimental observations constitute one of the few exceptions to 
the negative results obtained by almost all investigators who have attempted to 
reproduce Bellow’s reported induction of sarcoma in rats by the injection of 
tomato juice. In two of six rats given five injections of tomato juice he observed 
the appearance of sarcoma, a diagnosis which was confirmed not only by the 
morphology of these tumors, but also by the presence of extensive metastases in the 
spleen, liver and lymph glands. However, the tumors were not transferable bj^ 


inoculation. 


H. E. Eggers. 


Experimental Production of Sarcoma in Rats. G. Klein, J. Klinke and 
R. Hanser, Ztschr. f. Krebsforsch. 37:539, 1932. 

These writers have attempted unsuccessfully to repeat Bellow’s experiments on 
the induction of sarcoma in rats by the injection of tomato juice or of organisms 
obtained from it. When intact, not overripe tomatoes were used, bacterial infection 
appeared only when the skin had been damaged. With fruit of this character, 
among other organisms bacteria resembling Bacillus subtilis were recovered. But 
the intraperitoneal injection of these, as well as of filtrates and ultrafiltrates of 
tomato juice, failed to cause other than granulomatous growths ; similar growths 
were obtained bj'’ the injection of the juices of apples and grapes, and their appear- 
ance suggested an origin in mechanical irritation. Their morphology, however, 
suggested the possibility of later sarcomatous change. 

H. E. Eggers. 


Cancer of the Lung. W. Peters, Ztschr. f. Krebsforsch. 37:587, 1932. 

Peters studied the incidence of cancer of the lung from material gathered at 
the Moabite Krankenhaus in Berlin. The increase has been definite, from the 
fifth most frequent form of cancer, which was its status in 1905-1906, to the second 
mosj: frequent in 1925-1926. The increase was principal!}'’ in the male sex; in 
1905-1906 to sex ratio was 3 : 1, and 1925-1926, 6:1. Cancer of other organs 
does not show a corresponding increase, and gastric cancer has even diminished in 
frequency. Statistics from other sources, compiled and compared similarly, as a 
rule show a similar increase, but there are exceptions, occasionally found in only 
one of two nearby communities, a phenomenon without explanation. Four cases 
of cancer of the lung are described; one of them originated in the wall of a 
tuberculous cavity. 
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The Origin and Pathologic Significance of the Epithelium Found About 
THE Roots of Teeth: Presidential Address. E. H. Hatton. 

Malassez (Arch, de physiol, norm, et path. 5:129, 1885) is generally credited 
with the first description of the epithelial bodies found about the roots of teeth : 

“The develagment of pare epitbelizi tumors within the jaw, which are remote 
from known epithelial structures ; the resemblance of certain parts of these tumors 
to different types of epithelium which are concerned in the formation of teeth or 
which accompany it, and the existence of small cellular bodies in the normal gums 
of the adult that likewise resemble the same have long since brought me to the 
belief that in the jaws of adults there must be found epithelial rests originating 
from the formation of teeth. 

“This hypothesis, which is so attractive and probable in its conception demands 
anatomic confirmation. The result of my w'ork has been the disclosure of small 
cell nests about the roots of the teeth of adults, and in normal relationships, 
masses which must be considered as epithelial rests of the tooth-forming process 
and as the origin of certain intramaxillary new growths.” 

Malassez examined one lower jaw by histologic methods to supply the evidence 
on which this report was based. The studies were made on two incisors, one 
cuspid, two premolars and one molar. He found in most of the sections that; 
“in truth, small cellular masses existed, which had their location for the most part 
in the innermost part of the alveolodental ligament close to the substance of the 
tooth, and, indeed, often almost in contact with the cementum. However, I have 
found them, less seldom, in the outermost portion adjacent to the bone and, in 
isolated instances, even in medullary spaces within the contiguous bone. . . . 
The deepest are found about the extremity of the root; the most superficial are 
located just beneath the gingival attachment to the tooth. It is these superficial 
portions that I had previously observed in the gums and that Serres had considered 
as dental calculus glands. 

“Is the presence of these epithelial rests constant, frequent or exceptional? I 
am not able to answer this question exactly ; all that I can say is that I have found 
them about all the teeth that I have examined. . . . What name shall be given 
to these epithelial masses, which, so far as I know, have not been described? 
Because of their origin and nature and in accordance with present terminology, 

I propose the name amas epithelienx parodontoire (periodontal epithelial debris).” 

In succeeding sections of the monograph based on these studies and in other 
monographs Malassez attempted not only to defend his conception of the origin 
of the periodontal epithelial debris but also to relate it to twelve conditions, 
among which are : radicular dental f ungosities, radicular dental cysts, intramaxillary 
epithelial tumors, multilocular cysts of the lower jaw, odontoblastic 'cysts, 
odontomas and carcinomas. The suspicion remains that he arrived at his con- 
clusions largely by deductive processes rather than by carefully controlled experi- 
mentation and extensive laboratory study. On the other hand, his descriptions 
and illustrations of the material studied do not deviate in any material respect 
from those of the most recent investigators. 
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A great deal of unnecessary confusion has arisen concerning the significance 
of the work of jMalassez, because a French anatomist, Serres (Essai sur I’anatomie 
et la physiologic des dents, ou nouvelle theorie de la dentition, Paris, ^Mequignon- 
Marvis, 1817) described epithelial structures in the gums under the name of tartar 
glands, which are considered by many to be identical with the epithelial debris of 
Malassez. Malassez, however, was familiar with the work of Serres and insisted 
that his epithelial debris was entirely distinct in origin and significance from the 
structures studies by Serres, which are described in the following words : 

“The dental glands, because of their minuteness, have hitherto eluded the 
researches of anatomists. Nevertheless, the gums of the fetus at term contain 
a considerable quantity. Their function at this time appears to be the lubrication 
of the cartilages which serve for suction when retaining the nipple of the mother. 

“I was led to the discovery of these small glandular bodies in looking for the 
opening of the gubernaculum dentis on the jaws of a fetus at term. I found four 
or five whitish bodies side by side; v.-hen they were pressed firmly, after a small 
opening had been made, a white substance of the consistency of wax and assum- 
ing a spiral form exuded from them. On examining the two jaws attentively, I 
found a multitude of similar glands distributed throughout the cartilaginous sub- 
stance which at this time forms the gums. ... I detached many of these 
bodies, the size of which equalled that of a millet seed and which were similar 
to the meibomian glands. I could not discover any distinct opening; the micro- 
scope showed onl}- a small brown point in the middle; the white substance con- 
tained in the interior did not exude unless an opening was made in the little sac. 
These glands, then, appear to be formed of a little sac or cyst secreting and con- 
taining this white matter and allowing it to transude bj-^ their pores or by the 
little black point which the microscope revealed. The largest are situated on 
the inner side of the gums in the kind of groove found in this situation. These 
glands, as we have previously stated, serve to lubricate the cartilages which in 
the fetus take the place of the teeth before their appearance, but after the eruption 
of the teeth they secrete the substance which is known as tartar.” 

It must be clear from this description that the structures described by Serres 
are verj' superficial and have nothing to do with the dental follicle. Further dis- 
cussion of their character and significance is irrelevant here. 

Malassez’ contention that his epithelial debris originates from the disintegra- 
tion of the epithelial structures of the tooth germ was challenged at home and 
abroad. Magitot and LeGros (J. I’anat. et ph 3 'siol. 15:286, 1879) asserted that 
as soon as the function of the enamel organ had been accomplished it must atrophy 
and disappear. A^on Kdlliker (Handbuch der Gewebelehre des Menschen, Leipzig, 
Wilhelm Engelmann, 1867, p. 494) believed the same. Others, though granting 
the e.xistence of the epithelial debris, argued that it had nothing to do with the 
origin of dental root c^’sts and other pathologic entities listed bj”^ Alalassez. Of 
these, perhaps Grawitz is the best known, although his report appeared much later 
and is reserved for later mention. 

Dependable observations accumulated slowly as embrj'ologists and histologists 
gradualE untangled the process of tooth development. Von Brunn (Arch. f. mikr. 
Anat. 29:367, 1887) supplied an excellent description of the enamel organ and 
emphasized that the epithelium not onl}"^ covers the enamel cap but also extends 
the full length of the root, enclosing it in a sheath. He insisted that the 
function of the enamel organ is to give form to the tooth, and that the 
formation of enamel is merelj^ an accessorj' function. He said : “Its presence 
is evidently necessar 3 ' for the odontoblast being properh'- placed, namely, against 
its inner surface; it forms the matrix for the later dentine substance. When the 
odontoblasts occupy the proper position, when the first layer of dentine has been 
formed and in this waj- the shape of the tooth has been secured, the epithelium 
of the enamel has played its part for that portion of the tooth.” Hertwig (Die 
Elemente der Entwicklungslehre des Menschen und der Wirbelthiere, Jena, Gustav 
Fischer. 1900) made similar observations, and his name has been attached to the 
epithelial sheath that surrounds the developing tooth. (An e.xcellent discussion 
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of this subject has been supplied by Dr. Kaethe W. Dewey [in Moorehead, F. B 
pan3^^192S’ p^' 432] ) Philadelphia, W. B. Saunders Com- 

It has been assumed that this sheath remains intact until the connective tissue 
invades it in order to produce the cementum covering of the root, and that at this 
time its disintegration and atrophy are associated with the formation of the epi- 
thelial debris of the periodontal membrane. In this conception the enamel portion 
of the tooth was considered relatively fixed, and the root with its attendant sheath 
was thought to grow^ inward. This classic conception has been challenged b}" at 
least one school of histologists, who stated that Hertwig’s sheath does not grow 
inward but that the loop constitutes a relatively fixed point from which the root 
portion grows outward, carrying the crown with it. Even during the developmental 
period the sheath is continuous onlj' at the loop portion near the apex, and as 
the connective tissue portions of the tooth and follicle grow faster than the epi- 
thelium, disintegration begins earl 3 ^ However, the sheath plays an important part 
in the development of the bifurcation of the multirooted teeth, and larger masses 
of epithelium are deposited at these bifurcations (Orban, B.: Dental Histology 
and Embryology, ed. 2, Hew York, P. Blaki'ston's Son & Co., 1929, p. 129). This 
may have some pathologic significance, as will be shown later. 

The existence of these epithelial bodies in the periodontal membrane, sub- 
stantiall 3 ' as described b 3 " Malassez, is generally accepted. They are more common 
about the teeth of young persons and are relatively less common or even rare in 
older persons. They may be found in the adjacent bone, especially in that of the 
apical region, and not infrequenth'- in pulp canals of the teeth. 

In addition to the epithelium of Hertwig’s sheath, that is, the layer adjacent 
to the developing root, there are other sources of epithelium associated with 
pathologic processes in this region, namely, the outer epithelial layer of the enamel 
organ, the inner layer adjacent to the enamel cap, the epithelial extension (cord 
or lamina) from the mucosa to the dental follicle and the epithelium of the mucous 
membrane. 

On the basis of the foregoing conclusions, the genesis of a dental root cyst 
may be explained on the assumption that under the stimulation of the infectious 
process at the apex the epithelial rests in the immediate vicinity increase in size 
and proliferate into the granulation tissue. At a central position degeneration and 
liquefaction take place, and in time this cavity has a wall that is continuously 
lined by this epithelium, except for a defect into which in man 3 ’- cases the apex 
of the tooth may be inserted. Even in such cases the epithelial lining of the 
cavit 3 '^ is snugb’^ attached like a collar to the denuded surface of the root. Grawitz 
(Die epithelfiihrenden Zysten der Zahnwurzeln, Greiswald, J. Abel, 1906) had 
little regard for this theory, and insisted that the epithelial lining of the wall of 
the cyst was always derived from the mouth by extension along a fiistulous tract 
which at one time had connected the infected region with the mouth cavity. In 
his opinion, a closed C 3 'st arises from the obliteration of the channel from the 
mouth after the cavity of the cyst has been lined with epithelium. He believed 
that only true dentigerous C 3 'sts can be derived from the epithelium of the tooth 
embryo. It is difficult, although not impossible, to find supporters of Grawitz’ 
contention toda 3 ^ James and Counsell (Brit. Dent. J. 2:463, 1932) stated that 
there is no reason to believe that the epithelial rests play any part in the pro- 
duction of pathologic epithelium. 

Most writers, however, would agree with the opinion expressed by Siegmund 
and Weber (Pathologische Histologie der Mundhohle, Leipzig, S. Hirzel, 1926, 
p. 184), that the epithelium which is found not only in dental cysts but also 
frequently in granulomas has its origin in the epithelial rests of the Hertwig 
sheath which are to be found in the periodontal membrane of every tooth. They 
said : ' “In not one case in our abundant material have we been able to demon- 
strate aiw' connection in the sense of Grawitz between mouth epithelium and 
that of a granuloma through a fistulous tract,” 

I have seen two such tissues, but in these it was difficult to decide whether 
epithelium from the mouth had proliferated into the granuloma, or vice versa. 
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In one it seemed tliat the epithelium from tlie apex of the tooth had grown out 
toward the mucosa. The fact that cysts of the roots of teetli in die upper jaw 
are occasionally lined with columnar, ciliated epithelium also suggests that in 
some instances the lining of the cyst may be formed by the proliferation of 
epitlielium from outside sources instead of from epitlielial rests. 

Since epithelial rests are found in pulp canals, and because of the peculiar 
relationship of the cells of inner enamel epithelium to the production of dentine, 
the close association of these rests and denticles is a matter of no little interest. 
It can be shoira that either all or nearly all true denticles have one or more 
epithelial rests in close approximation to the border in the same relationship as 
that of the inner enamel epitlielium to the first formed dentine. Calcified 
nodules in the periodontal membrane may have tlie same relationship to rests, or 
the nodule ma y have the rest as a nucleus into which the lime salts have been 
precipitated. In the bifurcations of the multirooted teeth, especially of the upper 
molars, globular deposits of enamel are occasionally foimd. These are, without 
exception, associated with larger aggregations of enamel organ epithelium and 
are usually called enamel pearls. It would seem that their origin is brought 
about by the activitj- of that portion of the Hertwig slieath that ma}' have to do 
with the control of the form and number of the roots. It is possible that at 
times active ganoblasts are gathered into such a rest, and that in this wa%' the 
deposition of enamel in a sharply localized spot is brought about. Many of 
these deposits are so small that they are seen only in histologic preparations. 

Odontomas are more likely to develop during tlie tooth-forming period. They 
are frequently associated with either missing or retained teeth, and tj'pically they 
contain all the hard structures of a tootli. Practically the same maj' be said of 
dentigerous C3'sts. Schiirmann, Pfluger and Xorrenbrock (Die Histogenese ekto- 
meso-dermaler Mischgeschwiilste der !Mundh 6 hle, Leipzig, Georg Thieme, 1931 ) 
described two tj'pical odontomas in the hypophj-sis. These facts support the 
belief that the epithelial renmants of the Hertwig sheath have nothing to do with 
either odontomas or dentigerous C 3 ‘sts, both of which are more nearly akin to 
supernumerar3' teeth and are to be considered as arising from a developmental 
fault in a missing temporar3- or permanent tooth or from an accessor3' tooth 
germ. In hypophyseal tumors with supernumerar3- teeth rather remote from the 
moutli, tlie primitive dental lamina, instead of developing and extending into 
the tooth-bearing zone, becomes caught and retained in other parts of the head 
which have an embr3'ologic connection with the oral cavit3'. 

The epithelium of the adamantine tumor and the multilocular C3'st resembles 
that of either the enamel- forming portion of the dental follicle or the dental 
lamina of the ver3' primitive tooth bud. The adamantinoma frequentl3' contains 
elements that highh- resemble the stellate reticulum of the enamel-forming cap. 
The cells of both tend to a columnar form and are characteristicalh* different 
from the cuboidal or nearh' round or oval cells of the Hertwig sheath or the 
epithelial debris. On this account it is generalh- believed that both arise from 
either tlie dental lamina or the tooth bud {Zahuanlagc) . There is little reason, 
therefore, to consider that ilalassez’ epithelial debris has an3'thing to do with 
the genesis of either the adamantinoma or the multilocular C3’st. The histogenesis 
of the adamantinoma is still obscure and is worth3' of further stud3*. 

As to primary' carcinoma of the jaw bones, the situation is even less clear. 
The carcinoma ma3' arise from an3' epithelium located in tills region, including, 
of course, the epithelial bodies in tlie periodontal membrane. Such tumors are 
C-Ktremeh' rare, although the3' are no less interesting. The presence of epi- 
thelium both in normal periodontal structures and in granulomas is almost con- 
stant. On this account alone it does not seem reasonable to la3' an3' great stress 
^ the probable connection between such a source of epithelium and carcinoma. 
Certainh- all cases of carcinoma of the jaw bone merit careful stud3' and serious 
consideration before sweeping conclusions are drawn. 

-A.S the epithelium of the granuloma, the odontoma and the mildly malignant 
adamantinoma arises from parts of the tooth germ, there is a certain resemblance 
m the pathologic processes in which they are concerned. On the other hand. 
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there are distinct differences. The epithelium of the granuloma retains most of 
the characteristic properties of the parent structure; it appears to proliferate 
only under the irritation of the infection or as a result of increased metabolism; 
it undergoes C 3 'stic degeneration of a whollj’’ benign character, often with the 
abundant production of cholesterol, and it never produces enamel, although it 
may stimulate other forms of calcification. The cysts and granulomas which are 
associated with it are not neoplastic but are inflammatory reactions. In the 
odontoma the epithelium forms enamel; it proliferates but does not tend to 
infiltrate. The growth is benign and encapsulated and may undergo cystic change, 
with the formation of a dentigerous cj'^st. Adamantine epithelium proliferates 
and tends to infiltrate, though it may be sharply limited at times. It tends to 
recur after excision, never produces enamel and is prone to cystic degeneration, 
with the formation of a multilocular cyst having the same degree of malignancy 
as the solid adamantinoma. It would seem to be relatively easy to differentiate 
between the epithelium of the relatively rare adamantinoma and that of the 
common granuloma. 

Malassez’ discover}' of the epithelial debris in the periodontal membrane is 
now apparently universally accepted. His theory as to its origin is also in 
almost equally good standing. On the other hand, his theories as to its signifi- 
cance in pathologic processes have been confirmed only in part and are thought 
to be limited to certain processes that are inflammatory and have to do with the 
genesis of the dental granuloma and cyst. The epithelial debris of Malassez and 
the so-called glands of Serres are distinct entities. 

i 

Atypical Amyloidosis. Eleanor M. Humphreys. 

A man, aged 62, had puzzling symptoms related to the cardiovascular system, 
the liver and bile passages, and, terminally, the kidneys. These were explained 
in part bj' extensive sclerosis of the smaller arteries, associated with thrombosis 
of a coronary artery, with a myocardial infarct and nephrosclerosis and with 
marked renal atrophy. The most interesting feature of the autopsy was wide- 
spread amyloidosis involving many tissues which are not frequently affected. 
Amyloidosis of the heart was probably responsible for some of the cardiac symp- 
toms and for the bizarre character of the electrocardiogram. Exceptional fea- 
tures of the case were the unusual amydoid transformation of the testes, the 
aty'pical distribution of amyloid in the liver and kidneys and its complete absence 
from the spleen. Another point of interest was the failure to find a cause for 
the amyloidosis, unless a seemingly 'old and healed pleural inflammation or a 
postoperative subdiaphragmatic abscess which developed two months before 
death can be implicated. Clinically, there was a marked decrease of the serum 
protein and of the albumin-globulin ratio, but whether this was related to the 
amyloidosis is a matter of speculation. 

Several similar cases were reviewed. 


Retothel Sarcoma. Perry J. Melnick. 


Retothel sarcoma is a term suggested to Roulet by Rdssle. He used it in 
articles published in 1930 and 1932 to replace the term reticulum cell lympho- 
sarcoma. The derivation is from the German Retothelien (reticulum). The 
term is more accurately used, however, as a contraction of the bulky term 
reticulo-endothelial, because the reticular element should not be separated from 


the endothelial element of this system. 

Reticulum cell lymphosarcoma, or retothel sarcoma, was recognized as a 
tvpe of Ivmphosarcoma by Ghon and Roman in 1916. Because the relationship 
o'f the Ivmphoblast to the reticulum cell was not clear, it had been considered as 
delated 'to Ivmphoblastic lymphosarcoma. Roulet clearly demarcated it from 
the latter. 'The present study includes four cases which c^e 
six biopsy specimens of retothel sarcoma at Cook County Hospital. The diffi- 
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cultj' of its histologic diagnosis is emphasized, especially in regard to its differ- 
entikion from atypical forms of Hodgkin’s disease, from mycosis fungoides and 
from h-rapho-epithelioma of the pharynx. 


DISCCSSIOX 

Yicropw LE\nxE: Retothel sarcomas are not difficult to diagnose. Dr. Melnick 
v.-ill agree that the diagnosis can be made from a simple biopsy. 

P. A. Delaxey: I think that terminologists should be commended for tiieir 
power of invention. I suspected that retothel might be a contraction of the term 
reticulo-endothelial, but so far as deri-vation is concerned, it is poor usage. I 
much prefer the first recommendation of reticulum cell lymphosarcoma. 

V.AEIX OF THE PuLMOX.AP.Y \'eIX. BEXJAillX H. XeIMAX. 

To the three cases of r-arices of the pulmonary vein already recorded another 
is added. This occurred in a v.-hite woman, aged 57, who complained of cyanosis, 
clubbing of the fingers and pain in the chest of several years' duration. Roentgen 
examination revealed a density at the base of the left lung which, on comparison 
with a roentgenogram taken three r'ears before, showed no change in size or 
shape. The diagnosis rested between aneurj'sm of the descending aorta and 
benign neoplasm of the lung. Fluoroscopicalh', it was possible to separate this 
tumor from the heart shadow and show that it had no relation to the aorta. A 
huge r-arix of a branch of the second order of the left upper pulraonarj' lobe, 
with mural thrombi, rvas demonstrated post mortem. 

The shadow that such a varix casts on the x-ra}' film must be differentiated 
from that seen in primarj' chondroma and solitaiy echinococcus cyst of the lung. 
.A-Ithough the periphery' of all three is nodular, that of the varix is smooth, 
while the echinococcus cj-st usually has slight inflammatorj- infiltrations in the 
immediately adjacent pulmonary tissue. The periphery of the chondroma is also 
smooth, but invariably it shows a patchy, irregular distribution of lime salts, 
due either to simple calcification of the cartilaginous matrix or to true ossification. 

If roentgen examination shows a densitv- with a nodular peripherv" in the lung, 
and if there are sr'mptoms of cj-anosis, dj'spnea. cough, clubbing of the fingers 
and recurrent hemoptr'sis, without serologic or clinical evidence of infestation 
with echinococci, varix of the pulmonary vein should be considered. 
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Comptes rendus de la premiere conference Internationale de patholoeie 
geographique, Geneve, 8-10 Octobre, 1931. Publics au nom du comite 
directeur de la Societe internationale de pathologic geographique, par M. 

Askanazjq President. Paper. Price, 10 francs (Swiss). Pp. 367. Geneve- 
Librairie Kundig, 1933. v:>e^e^e. 


This volume records the results of the first concerted international study of a 
disease. National committees working in twenty-four countries collected informa- 
tion on the occurrence, clinical manifestations, pathologic anatomy, etiology and 
other features of cirrhosis. This material has been digested, summarized and 
compared with observations previously recorded. The results are presented under 
appropriate subdivisions. 

Hepatic changes in cirrhosis are summarized by de Josselin de Jong, Utrecht. 
Materials from the survey and in the recent literature are correlated. The 
structural features essential to cirrhosis arer (1) increase in connective tissue, 
(2) degeneration and destruction of liver cells and (3) regeneration of liver cells! 
Other changes, such as pigmentation, proliferation of bile ducts, infiltrations and 
vascular changes, are inconstant though often important features. Cirrhosis 
develops when, through a long-continued diffuse injur}', liver cells are destroyed, 
followed by regeneration and proliferation of uninjured cells and by infiltration 
and proliferation of reticulum. The essential character of cirrhosis, a chronic 
inflammatory process, is obscured by attempts at a rigid morphologic classification. 
“II n’y a qu’une cirrhose” (there is only one cirrhosis). Morphologic variations 
result from variations in the character, the intensity and the duration of the injuri- 
ous agent and in the physiologic reactions of the individual. The etiology includes 
those agents which, singly or in combination, may produce chronic diffuse inflam- 
mation of the liver. Among these are toxic substances and infections. “The impor- 
tance of alcohol as an etiologic agent has been greatly overrated.” 

The grouping of cirrhoses is regarded not as a classification but as a basis 
for correlating clinical manifestations with structural changes. Laennec’s cirrhosis 
as a type is not sharply differentiated as to either etiology or clinical or histologic 
characteristics. No differentiation is made between Laennec’s cirrhosis and fatty 
cirrhosis. Pigmentary cirrhosis is regarded not as an entity but as a combination 
of ordinary cirrhosis with metabolic disturbances of uncertain origin. Cirrhosis 
may produce the clinical syndrome described by Hanot, but his description of the 
structural changes is not supported by postmortem evidence. No criteria are 
found by which to differentiate Banff’s disease from Laennec’s cirrhosis. The 
evidence is insufficient for regarding Banti’s syndrome as a disease entity. The 
occurrence of cirrhosis shows striking geographic variations. In Switzerland 
cirrhosis is found in more than 10 per cent of autopsies; in adjacent countries 
the occurrence is less than 3 per cent. 

Changes in other organs accompanying cirrhosis are summarized by R. Rbssle, 
Berlin. The indefinite etiology of cirrhosis makes it difficult to distinguish between 
changes genuinely related and those occurring incidentally. Icterus is a feature 
in from 20 to SO per cent of cases. Ascites is found in from 20 to 65 per cent 
of cases. Splenic involvement, consisting of varying degrees of fibrosis of pulp and 
the occurrence of perisplenitis with adhesions, is frequent. The spleen is increased 
in size in about 50 per cent of cases. The frequency with which death results 
from peritonitis, endocarditis or erysipelas is significant. _ _ _ 

The clinical phases of cirrhosis are summarized by Noel Fiessinger, Pans. He 
comments on the geographic and racial variations. Cirrhosis occurs in the white 
race more frequently than in Negroes, in a ratio of 3:2. Density of population is 
accompanied by an increased incidence of cirrhosis. Fiessinger believes that alcohol 
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is an important etiologic factor in Europe, and that in tropical countries parasitic 
diseases are more important. Syphilis plays an indefinite, minor etiologic role. 
Discussing clinical types, he states that the sjmdrome of Hanot exists, but without 
structural alterations of distinctive character. Clinical manifestations and their 
significance, tests for hepatic function, the relation of splenic disturbances to 
cirrhosis, the progressive character of cirrhosis and the terminal complications are 
discussed. 

Experimental cirrhosis in relation to the etiology of human cirrhosis is sum- 
marized in six pages by AY. E. Gye, London. The subject matter is not well 
chosen. This phase of cirrhosis is inadequately covered. 

Disturbances of metabolism in cirrhosis are summarized by F. C. Alann and 
J. L. Bollman, Rochester, l^Iinn. Material for this report was drawn from 
experimental work. The cirrhotic process may produce no measurable metabolic 
effects e.xcept as it impairs the secretion of bile or inhibits the regeneration of 
hepatic cells. A small amount of hepatic tissue may function adequately without 
evidences of hepatic insufficiency. Acute degenerations of liver cells are usually 
found. Alann and Bollmann believe that these arc not specific for cirrhosis and 
result chiefty from rmpairmeut of biUary secretion. Cirrhosis produces uo marked 
basal metabolic variations. .An important feature of cirrhosis is a decreased 
glycogen content of the liver cells. This diminishes the detoxicating function of 
the liver and its ability to resist toxic agents and other injuries. Animals with 
greatly reduced hepatic tissue do not survive on a diet high in protein. They 
react severely to doses of toxic substances which are harmless to normal animals. 
Ther’ succumb to surgical procedures from rvhich normal animals recover. The 
liver has numerous metabolic functions. All of tliese will be affected by a serious 
reduction of hepatic tissue. 

.A report on the frequency and forms of cirrhosis in Stockholm by F. Henschen 
and T, Bruce and one on statistical data, classification and etiology by P. Robert, 
Zurich, complete the survejc A verbatim report is made of all discussions. The 
conference was trilingual: French, German and English. Each item is recorded 
in the language used in its presentation. The reports reflect a transition of 
opinion as to etiolog>-, forms and interpretations. Those interested in the morpho- 
logic, physiologic or clinical features of cirrhosis will find valuable material in 
this book. 

The organization of the Association was completed and its administration placed 
in the hands of a directoral committee in which France, Germany. Holland, 
Switzerland and the United States are represented. An international conference 
will be held triennial!}'. The second conference will meet in Jul}', 1934, at Utrecht, 
de Josselin de Jong, president, presiding; the subject is arteriosclerosis. It is 
gratifying to note that there is an international association for the coordinated 
study of the various phases of pathology. Its method of procedure promises 
programs of unique character and high quality. 

Die normale und pathologische Physiologie der Milz. By Dozent Dr. 
Ernst Lauda, Assistent der il. medizinisclien Universitiitsklinik in AA'ien. 
Price, 18 marks. Pp. 277, witli 2 illustrations. Berlin : Urban & Schwarzen- 
berg, 1933. 

This book presents a good review of the literature on the functions of the 
spleen in health and in disease. The scope is indicated by the list of topics con- 
sidered in separate chapters : the spleen as a reservoir for blood, particularly red 
cells; the formation of blood in the spleen; splenic hemolj’sis; the protective func- 
tions of the spleen ag-ainst infections ; the resistance of the spleen to the growth in it 
of malignant tumors; the relations of the spleen and the gastro-intestinal tract; 
the spleen and metabolism : the internal secretion of the spleen. At the end of 
each chapter are a succinct summary of the contents and a useful bibliography. 
The final chapter gives a cautiously worded digest of the review. 



Lauda’s book has solid worth for those who are interested in the spleen. The 
functional relations of this structure are complex; it shares important functions 
with the reticulo-endothelial s 3 'stem and perhaps also with other systems, and acts 
too as a more or less independent functional unit. There is, however, no disease 
so far as is known that is due to hypofunction or hyperfunction of the spleen. 
Lauda finds that the claims for hyperfunction in certain hemolytic states and in 
thrombopenia have not been established. Possibly polycythemia as seen occa- 
sionally after splenectomy and in splenic tuberculosis may be due to the loss of 
splenic function. In the embryo the spleen is one of the seats of formation of red 
cells and myelocytes, and in postembryonal life it shares in comparatively moderate 
degree in the production of lymphocytes. In infection the spleen has preventive 
functions of varying significance; it is an important factor in the elaboration of 
antibodies ; it is reasonable to assume that the great splenic swelling in certain 
infections is associated with increase in protective function; in infection with 
Bartonella in rats the protective action of the spleen is life-saving, and this appears 
to be the spleen-specific function that is best established. The spleen is of impor- 
tance as a depot or reservoir for red cells, notably in the dog. Splenectomized 
rats succumb to poisoning with carbon monoxide, whereas the normal rat survives. 
The spleen also appears as an independent unit in its relations to malignant tumors 
and freedom from metastasis. The appearance of Howell-Jolly bodies in the 
circulating blood after splenectom}'^ is mentioned as perhaps also an indication of 
a special splenic function. The book is an important and helpful addition to the 
literature on the spleen. 

Bacterial Infection. With Special Reference to Dental Practice. By 
J. L. T. Appleton, Jr., B.S., D.D.S., Professor of Microbiology and Bac- 
teriopathology, the Thomas W. Evans Museum and Dental Institute, School 
of Dentistry, University of Pennsylvania. Second edition, enlarged and revised. 
Cloth. Price, §7. Pp. 654, with 122 engravings and 4 colored plates. Phila- 
delphia : Lea & Febiger, 1933. 

The purpose of this book is “to aid the reader to form a comprehensive concept 
of infection” and “to point out wherever a knowledge of infection will help the 
dentist in understanding or solving his problems.” The author takes it as granted 
that if there is to be close and effective cooperation between dentist and physician, 
the dentist must have a knowledge “equivalent to that possessed by the physician, 
of what infection means.” The book is in three parts. The first part deals with 
the morphology, ph 3 "siology and ecology of bacteria. The second part treats of 
infection as a whole, its nature, modes of action, types, dissemination; the pro- 
tection and responses of the host; immunity; prevention, including oral h 3 ^giene. 
The third part is devoted to a comprehensive presentation of the infections of the 
■oral cavity. Most of the illustrations are taken from other books. There are 
abundant references to the literature. The style is clear, fluent, readable. The 
author shows a remarkable familiarit 3 " with the current literature, especially the 
English and German. The use of italics in cumbersome scientific or proper names 
of common bacteria, when not required for purposes of classification or identifica- 
tion, is not desirable. Why say Corynchacterhim diphiheriae, Eherthclla iypht, 
Escherichia coli, Myobacterium Uiberciilosis and Neisseria gonorrhoeae when 
■diphtheria bacillus, typhoid bacillus, colon bacillus, tubercle bacillus and gonococcus 
will answer the purpose fully? Generally speaking, the teachings of the book are 
sound. It contains an enormous amount of detailed, minute information about 
infection and allied topics. As a textbook for students it is too elaborate. To 
require students of dentistry to master its contents is neither humane nor good 
peda^^oo-ics As a book of reference for dentists and physicians it merits recom- 
mendatTon. In future editions the effort should center on condensation, simplifica- 
tion and sound generalizations. 
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The Great Doctors. A Biographical History of Medicine. By Dr. Henry 
E. Sigerist, Professor of the History of Medicine, The Johns Hopkins Uni- 
versit 3 '. Translated b}' Eden and Cedar Paul. Price, S4. Pp. 436, with 68 
illustrations. Hew York: W. W. Norton & Companj'^, Inc., 1933. 

This book is a translation from the second German edition. The first edition 
was published in 1931 and was well received. As indicated in the subtitle, a 
biographic histor 3 " of medicine is given, made up of short sketches, never longer 
than ten or eleven pages, of Mty great figures of vital importance in the develop- 
ment of medicine. The first chapter presents Imhotep and Aesculapius, the second 
Hippocrates and the late Osier. The plan of the book excludes more than passing 
allusion to names of living persons ; there is no aim at encyclopedic completeness ; 
attention has been restricted to a small number of creative masters of representive 
significance in each epoch. It does not seem advisable to consider each of these 
sketches in detail. They are written by a ready and competent pen. The sketches 
of the following are mentioned as of special interest to pathologists in the strict 
sense: Morgagni, Rokitanskj", Bernard, Virchow, Pasteur and Koch. By giving 
the subject of each sketch the proper relative historical setting, a broad con- 
ception is convei-^ed of the growth of medical knowledge. The book is dedicated 
“To the Unknown Doctor who in unselfish and inconspicuous activities fulfills the 
teachings of the Great Doctors.” The illustrations, sixty-eight in all, add greatly 
to the interest of the book. Ph}'sicians and medical students will find this a book 
of exceptional interest and stimulus. 
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The Eradication of Bovine Tuberculosis. L. Jordan. Medical Research 
Council, Special Report Series, No. 184. Price, 2s,, net. Pp. 104. London; His 
Majesty’s Stationery Office, 1933. 

Metabolic Diseases and Their Treatment. Dr. Erich Grafe, Professor of 
Medicine of the Clinic of Medicine and Neurology, University of Wurzburg, 
Germany. Translated by Margaret Galt Boise under the supervision of Eugene F. 
DuBois, M.D., Medical Director, Russell Sage Institute of Pathology; Professor of 
Medicine, Cornell University Medical College, New York, and Henry B. 
Richardson, M.D., Associate Professor of Medicine, Cornell University Medical 
College, New York. Price, cloth, $6.50, net. Pp. 551, with 37 illustrations. Phila- 
delphia ; Lea & Febiger, 1933. 

Histology. S. Ramon y Cajal, M.D. (Madrid), F.R.S. (London), LL.D. 
(Clarke), Director, Royal Cajal Institute for Medical Research; Emeritus Pro- 
fessor of Pathology, University of Madrid Faculty of Medicine ; Nobel Premiate in 
Medicine; Life Senator of Spain. Revised by J. F. Tello-Munoz, M.D. (Madrid), 
Professor of Pathology, University of Madrid Faculty of Medicine. Authorized 
translation from the tenth Spanish edition by M. Fernan-Nunez, M.D. (Madrid), 
Professor of Pathology, Marquette University Medical School. Price, $8. Pp. 738, 
with 535 illustrations. Baltimore ; William Wood & Company, 1933. 

Medical Uses of Radium ; Summary of Reports from Research 
Centres for 1932. Medical Research Council, Special Report Series, No. 186. 
Price, Is., net. Pp. 36. London: His Majesty’s Stationery Office, 1933. 

Diet and Health. Milton T. Hanke. Pp. 236, with illustrations. Chicago; 
University of Chicago Press, 1933. 

Studies from the Department of Pathology, University of Penn- 
sylvania. Volume IV. Edited by E. B. Krumbhaar, Professor of Patholog}'. 
Philadelphia: University of Pennsylvania, 1932-1933. 

The Chemistry of Flesh Foods and Their Losses on Cooking. R. A. 
McCance and H. L. Shipp. Medical Research Council, Special Report Series, 
No. 187. Price, 2s. 6d., net. Pp. 146. London: His Majesty’s Stationery Office, 
1933. 

Number 4 Canadian Hospital; The Letters of Professor J. J. Mackenzie 
FROM THE Salonika Front. With a memoir by his wife, Kathleen Cuffe 
Mackenzie. Price, $2.50. Pp. 247, Avith 13 illustrations. Toronto; Macmillan 
Company of Canada, 1933. 
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MELANIN 

I. ITS MOBILIZATION AND EXCRETION IN NORMAL AND 
IN PATHOLOGIC CONDITIONS 

VICTOR C. JACOBSEN, M.D. 

AND 

GUSTAVUS H. KLINCK, Jr., M.D. 

ALBANY, N. Y. 

The numerous problems concerning normal and pathologic endog- 
enous pigmentation offer difficulties in their solution derived from the 
fact that the absolute identification of a pigment unaltered by extravital 
chemical reactions is rarely possible. The gradation of colors through 
the various shades of yellow and brown to black includes substances 
which often have a certain basic molecular similarity but which, never- 
theless, may be the result of fundamentally different cellular activities. 
Undoubtedly too much importance has been given to the presence of 
stainable iron or lipoid in differentiating microscopically one colored 
body from another. Progress in this difficult field of study will neces- 
sarily be as slow as improvement in laboratory methods, especially in 
microchemical technic. 

The distribution of hemosiderin, it is assumed, can be determined- 
best by the demonstration in granules of iron through the use of 
the Prussian blue test and its modifications and by the reaction of iron 
with ammonium sulphide. We shall allow, for the sake of argument, 
that iron in this form is indicative of hemosiderin. When, however, 
the iron is identified only after the maceration or digestion of tissues, 
and then usually in minute quantities and by highly refined 
chemical methods, it cannot be accepted that the pigment is necessarily 
hemosiderin. 

One of the pigments which occurs in unicellular organisms as well 
as in Mammalia is called melanin. Its normal distribution in man, 
according to Bloch,^ is confined to the skin, the pigment layer of the 
retina, the ciliary body and the choroid, except for its occurrence in 
certain parts of the central nervous system. Melanin is difficult to 
isolate since it does not crystallize and is soluble with difficulty in fluids 

From the Department of Pathology of Albany Medical College. 

These studies have been aided by a grant from the Committee on Scientific 
Research of the American Medical Association. 

1. Bloch, B.; Am. J. M. Sc. 177:609, 1929. 
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which offer the least possibility of altering its complex molecule., From 
this fact alone it seems unwise to limit its normal presence to the skin 
and the eye, since other morphologically similar pigments are found 
elsewhere in the body which, when deprived of loosely held sulphur or 
non, for instance, ma}'' prove to be members of this group of endogenous 
pigments. 

Since melanin is formed normally within the body by the melanoblasts 
and is transported by the inelanophores, a certain amount of the pigment 
must constantly be disposed of in some way following the obsolescence 
or disintegration of the cells containing it. What is the fate of this 
pigment? Some of it undoubtedly escapes into the intestinal canal. 
Melanosis of the colon is encountei'ed in chronically constipated persons, 
the pigment being found in phagocytes in the mucosa. The mucosa of 
the appendix frequently contains melanin. Does the kidney play a part 
in the excretion ? In a note on melanins, Hawk ” stated ; 

These pigments never occur normally in the urine, but are present under 
certain pathological conditions. ... In many instances, without doubt, urines 
rich in indican have been wrongly taken as diagnostic proof of melanuria. . . . 
The pigment melanin is sometimes mistaken for indigo and melanogen for indican. 

. . . In rare cases melanin is found in urinary sediment in the form of fine 
amorphous granules. 


The kidney of the adult often contains a yellowish-brown pigment 
in the form of coarse granules in the epithelium of the collecting tubules 
and Henle’s loops and, less frequently, in the convoluted tubules. This 
pigment gives a negative reaction for iron but appears to contain a lipoid 
from its reaction with fat stains and osmic acid. Since the Negro pro- 
duces normally the greatest amount of melanin found in man, it should 
follow that he would show the greatest normal excretion of the pigment. 

This study is an outgrowth of a more comprehensive survey of the 
significance of melanin in normal and in pathologic cells. A fundamental 
difficulty lies, of course, in the inadequacy of the methods of identifying 
melanin. Its argyrophilia, however, offers an approach which Foot ® 
has utilized in his work with benign and malignant melanotic tumors. 
Using his method, with a slight modification, we have studied the 
distribution of melanin in the normal kidneys of adult Negroes, in 
patients with Addison^s disease, in Negroes with malignant melanoma 
with generalized metastases, in blonde and brunette white persons and 
in more than four hundred white mice, each of which had a melanoma 
derived from one originally discovered by Harding and Passey at Guy s 
Hospital in 1915 and obtained by us from Sugiura of the Memorial 


2. Hawk, P. B., and Bergeim, O.; Practical Physiological Chemistry, ed, 10, 
Philadelphia, P. Blakiston’s Son Co., 1931, p. 776. 

3. Foot, N. C.: Am. J. Path. 7:619, 1931. 

4. Harding, H. E., and Passey, R. D.: J. Path. & Bact. 33:417, 1930. 
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Hospital, New York. The technic of Foot is only one of many technics 
based on the use of silver nitrate, but it is very satisfactory for the 
demonstration of melanin as well as of reticulum. 

Many kinds of cells or tlieir inclusions or processes may be impreg- 
nated by silver salts under certain conditions; hence it is advisable 
always to state by what method tlieir argyrophilia is demonstrated. The 
term arg)'rophilia is a bit vague, as Nageotte of Paris stated to 
Laidlaw,® but what it should mean is the relative degree of affinity for 
silver salts displayed by one type of substance as compared with another 
under similar conditions. We have had much experience with Foot’s 



Fig. 1 . — K ivhite mouse with a large intraperitoneal Harding-Passey melanoma 
resulting from the intraperitoneal inoculation of an emulsion of mouse melanoma 
two hundred and twenty-four da 3 -s previously. There are a few small metastases 
in the liver and the lungs. The kidnej-s showed marked melanosis. 

silver methods, and in order that a comparison of results might be 
based on a uniform teclmic, his bromuration procedure has been used, 
largely to the exclusion of other variations. 

The isolation of melanin in a pure state is apparentl}’’ impossible at 
present because of its relative insolubilit}' in vitro without the aid of a 
strong alkali or acid. It must be soluble in certain body fluids or it 
possibl)’- exists as a colloidal suspension, because either it or its precursor, 
melanogen, is present in the urine in man}- cases of melanoma, an<^ 

5. Laidlaw, G. F.; Personal communication to the authors. 
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while it is phagocytosed by various cells, it has never, to our knowledge, 
been detected in particulate form in the cells of the circulating blood. 
While melanin has apparently not been seen in circulating leukocytes, 
Davis ® has noted its ingestion by white blood cells and also by cells of 
the renal tubules and entodermal cells of the intestine in tissue cultures. 
Since melanin is a constant component of many cells of the body, it fol- 
lows that the pigment must be disposed of in some way when inelaiio- 
phores die ; the ordinary catabolic processes probably destroy but a small 
amount of it. Odiorne ‘ has shown that a certain amount of melanin 
escapes from the body of the killifish (Fundulus heteroclitus) in the 
desquamation of epithelium from the pigmented spots. This method 
undoubtedly accounts for the loss of much melanin from the integument 
in all pigmented species. 

The accurate identification of melanin either in vivo or in vitro is 
not possible for the reasons already given. Yet there is much literature 
on melanin, and dogmatic statements have been made and probably will 
continue to be made concerning this substance, at least until a micro- 
chemical test has been devised which is above criticism. This will be 
possible only after the chemical composition of melanin is definitely 
known. As things stand, much of the proof that a given pigment is 
melanin is circumstantial. First, it may be found in cells which give 
a positive dioxyphenylalanine reaction, that is, cells capable of oxidizing 
1-3-4 diox 3 ^phenylanaline to a pigment indistinguishable from melanin. 
These cells are regarded as melanoblasts in contradistinction to cells 
which can only phagocytose melanin but cannot manufacture it. This 
conception hinges on the absolute specificity of Bloch’s dopa reaction as 
indicating melanoblasts only. There are still several weaknesses to be 
remedied in the application of this reaction before it can be approved in 
this degree, but the outlook is good for final acceptance. 

Second, melanin may be seen as a dark brown granular pigment in 
the tumor arising from the cells of a pigmented nevus, whether or not 
the dioxyphenylalanine reaction is studied; this pigment is negative for 
stainable iron. 

Third, it may be found in fibroblasts, monocytes and reticulo- 
endothelial cells adjoining an area of pathologic pigmentation, for 
instance, a melanoma, or in the skin in a case of excessive melanosis, 
such as Addison’s disease. 

The use of frozen sections has seen wide application in recent years 
in the rapid diagnosis of tissue, in the study of the distribution of fats 
and lipoids and in the demonstration of nerve fibrils and reticulum. It 
has long been known that melanin is capable of reducing silver salts. 


6. Davis, D. T.: Bull. Johns Hopkins Hosp. 32:240, 1921. 

7. Odiorne, J. M.; Proc. Nat. Acad. Sc. 19:329, 1933. 
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Fig. 2. — A, renal tubules in the kidney in Addison’s disease. l^Ielanin granules 
are seen in the epithelial cells and in the lumen. B, renal tubules in a mouse 
with a subcutaneous melanoma one hundred and seventy-nine daj^s old. The 
melanin granules are somewhat scattered through the cytoplasm, but tend to be 
grouped in the midzone. Foot’s silver-bromuration method. 
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and with the impetus given to the study of the nervous origin of pig- 
mented nevi by Masson a renewed interest in the argyrophilia of melanin 
has been manifest in the most recent studies of the melanomas. How- 
ever, until the identity of all the granules blackened by silver which are 
found m cells fixed in a solution of formaldehyde is determined, there 
will continue to be skepticism in regard to the conclusions drawn from 
the use of this method. At present it is necessary to consider all the 
circumstances surrounding the presence of the pigment in question, and 
in our study we have tried so to do. Our conclusions are based on the 
consideration mentioned, and it is hoped they do not seem too dogmatic 
when viewed in that light. 

In cases of pathologic increase of melanin in the adult human being 
with Addison’s disease or melanomatosis, the kidneys contained much 
yellowish-brown or deeper brown pigment in the epithelium of Henle’s 
loops and in many collecting tubules, as well as in the reticulo-endothelial 
cells of the liver, spleen and lymph nodes. These pigmented granules 
were present in fresh unstained frozen sections, in preparations fixed in 
a 10 per cent solution of formaldehyde and in Zenker’s fluid embedded 
in iDaraffin and stained with hematoxylin and eosin or with eosin and 
methylthionine chloride, U. S. P. (methylene blue). The alcohol and 
chloroform removed any carotene present, since it is soluble in these 
fluids. Other lipoids and fats were similarly extracted, leaving only a 
pigmented residue which was still capable of reducing silver nitrate and 
of being bleached by hydrogen dioxide, and the identit)'^ of which we 
have sought to establish. 

In the renal tubules the pigment is usually found in the peripheral 
portion of the epithelial cell in small dustlike granules or larger agminate 
masses ; the color varies from dirty yellow to brown, depending on the 
amount of pigment present. This pigment is usually called “lipochrome” 
but has not been I'egarded as melanin, so far as we are aware. Yet it 
occurs in large amounts in many patients with pathologic melanosis, in 
elderly brunettes and in constipated Negroes. It differs in no essential 
respect from the pigment in the mucosa of the colon in melanosis coli. 
It is strongly silver positive. The pigment is found in the lumen of the 
tubules, either in desquamated epithelium or free, having possibly been 
discharged from the cells or precipitated from its solution in the fluid 
in the tubules. It is often found in renal casts in the same manner as 
hemosiderin is found in hemochromatosis or pernicious anemia. In one 
of our cases of Addison’s disease, proved by necropsy, strongly silver- 
positive, )^ellowish-brown granules were demonstrated before death m 
renal casts from the urinary sediment (fig. 3 A), and the kidneys were 
found to contain much pigment in the locations already noted. Similar 
deposits of the pigment were encountered in the kidneys of several 
patients with malignant melanomatosis. 
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In our study of the organs of white mice harboring the transplant- 
able Harding-Passey melanoma, melanosis of the intestines was never 
seen. Melanosis coli is found in man only in extreme constipation. 
In these mice with tumors of large size, i. e., 1.5 cm. and larger, renal 








Fig. 3 — A, a pigmented renal cast in the urinary sediment of a patient with 
Addison’s disease. B, a pigmented epithelial cell in the urinar}^ sediment of a 
patient suffering from generalized melanosis with diffuse myelomatosis. C, renal 
tubules m a Negress with melanomatosis ^Melanin granules are seen in the 
epithelium and in the tubular casts. D, section of the suprarenal gland of an 
elderly white man. Melanin granules are abundant in the cells of the medulla on 
the right. The arrows indicate the cells of the zona reticularis containing melanin. 
E, melanosis coli. The pigment is contained in phagocytes in the mucosa. 
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melanosis was encountered in a high percentage. The animals were fed 
the same diet as the controls, which never showed any pigmentation of 
the kidneys. This renal pigment is not soluble in lipoid solvents, and its 
ability to reduce silver is lessened slightly when it has been previously 
immersed in chlorofoian and alcohol in the 2>rocess of dehydration for 
embedding in paraffin. Dyson ® noted that a pigment normally of lighter 
color resulted from em23lo)dng the solvents used for preparing tissues 
for paraffin, and he asked if there were two different forms of melanin. 
Melanin, he stated, is included in the protein part of an excretion of 
the cell nucleus, a bluish granule of lijDoid and protein being the precursor 
of the pigment. The chemistry of melanin will not be discussed in 
extenso in this paper, but because of its reaction with fat stains and 
lipoid solvents we believe that the melanin molecule often links itself 
loosely with a lipoid complex. 

' Wells ° stated that melanuria is not ordinarily observed unless there 
is extensive development of melanotic tumors, and that it is seen in 
only about 20 per cent of the cases of melanosarcoma, chiefly when the 
liver is extensively involved. Formerly the excretion of true melanin or 
melanogen was supposed to be diagnostic of the presence of melano- 
sarcoma, but melanuria has been observed in persons without tumors 
of this tyj^e and with no other evident source of the pigment. In several 
cases there was intestinal obstruction, from which the precursors of the 
pigment may have resulted through the disintegration of protein. 

Schreyer noted in the renal epithelium a pigment resembling the 
lipofuscins, which increases with age and which is not related to the 
urinary pigments. Brahm and Schmidtmann,^^ on the other hand, 
expressed the belief that lipofuscin is physically and chemically similar 
to melanin and that it is probably absorbed or dissolved by lipins. 

Risak and Asperger,^- in studying the appearance of melanin reac- 
tions in human urine, found that after intense solar irradiation a positive 
Thormahlen reaction developed in the urine of a normally pigmented 
person, a phenomenon not previously observed in irradiated and tanned 
persons. In persons poor in pigment this reaction was not observed. 

The kidney of the adult Negro frequently contains in Henle’s loops 
and in the collecting tubules granular pigment, which, so far as we 
can determine, is melanin. There is an increase in renal pigment in the 
constipated Negro. In white adults, especially in brunettes, who have 

8. Dyson, W.: J. Path. & Pact. 15:298, 1910. 

9. Wells, H. G.: Chemical Pathology, ed. 5, Philadelphia, W. B. Saunders 
Company, 1926, p. 530. 

10. Schreyer, H.: Frankfurt. Ztschr. f. Path. 15:333, 1914. 

11. Brahm, B., and Schmidtmann, M.: Virchows Arch. f. path. Anat. 239:488, 

1922. 

12. Risak, E., and Asperger, H. : Klin. Wchnschr. 11:154, 1932. 
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died of severe wasting disease, i. e., diseases accompanied by widespread 
destruction or atrophy and desquamation of cells (including, of course, 
the many tissues which either make or contain melanotic pigment), the 
kidneys usually show melanosis. In melanosis coli the pigment in phago- 
cytes in the colonic mucosa seems to be true melanin and occurs onh' 
in ver}' constipated people. As has been stated before, the kidneys of 
mice with subcutaneous or intraperitoneal melanomas contain much 
melanin. The intestinal mucosa is free from melanin, but if one could 
produce chronic constipation in mice with this condition melanosis coli 
might possibh' ensue. Recently Bockus, Willard and Bank^“ suggested 
that melanosis coli is the result of the use of anthracene laxatives, such 
as cascara sagrada. but if this were true melanosis coli should be more 
frequent in view of the wide use of these laxatives. However, little is 
known about the exact mechanism of melanin formation, and i\\ the 
intestines such srmthesis may be possible, given the proper materials and 
conditions. 

The pigment present in the zona reticularis of the human suprarenal 
gland has been known by various names ; usually it has been dismissed 
as lipochrome. However, since it is still present after dehydration in 
alcohol and chloroform it must be something else, as carotene and 
xanthophyll, the principal lipochromes, are soluble in fat solvents. The 
pigment which normal!}' gives a yellow color to the entire cortex of the 
suprarenal gland in young people probably belongs in the category of 
lipochromes. but the pigment in the zona reticularis of the suprarenal 
gland in old people, which gives a brown to black color to this layer, is 
not soluble in lipoid solvents and stains an intense black with silver 
nitrate. It behaves, then, more like melanin than like any other pigment. 
In our experience, the cells of the zona reticularis have always given a 
negative dioxyphenylalanine reaction. Laidlaw has confirmed this 
finding. If the pigment is melanin, where does it come from? The 
epithelial cells of the suprarenal gland are definitely not melanoblasts. 
Melanin is most likely to be found in the vicinit}' of melanin-forming 
cells. The cells of the suprarenal medulla are of sympathetic origin : in 
other words, they arise in the neuro-ectoderm where all melanoblasts 
should come from, if the neurogenic origin of melanomas is correct. 
M e have studied the suprarenal gland in many patients of various ages 
and have found that the granular pigment of the cells of the medulla is 
not soluble in fat solvents and is A'er}' silver positive. Connor regards 
this pigment as melanin and so do we. In figure 3 D, depicting a frozen 
section of the suprarenal gland of an old person who died of pneumonia, 
which was treated by Foot’s silver-bromuration method, there is present 

13. Bockus, H. L.: Willard, J. H., and Bank, J.: T. A. M. A. 101:1, 1933. 

14. Laidlaw. G. F. : Personal communication to the authors. 
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an abundance of melanin granules in the cells of the medulla. Granules 
of similar appearance are present in the contiguous cells of the zona 
reticularis, the pigment becoming less abundant the farther the cells 
are from the medulla. With higher powers of the microscope there even 
appears to be an extrusion of melanin granules by the medullary cells. 
The granules seem to be taken up by the cortical epithelium of the zona 
reticularis. These epithelial cells of the suprarenal cortex, then, act 
like melanophores and hence can be added to the group of cells which 
can carr}'- melanin but cannot manufacture it. The list includes macro- 
phages, endothelial cells and fibroblasts. This explanation of the origin 
of the melanin in the suprarenal gland harmonizes with the Soldan- 
Masson theory of the origin of melanotic tumors and makes it seem 
logical to believe that melanin, whex-ever it is found, is always of neuro- 
ectodei'inal origin. 

SUMMARY 

The noi'inal distribution of melanin is confined to the skin, the 
pigment laj^er of the retina, the ciliaiy body, the choroid, certain pai'ts 
of the centi'al neiwous system and the medulla and zona i-eticularis of 
the supi'arenal gland. 

While melanin is soluble in vitro only in strong alkali or acid, it 
must be soluble or in colloidal suspension in the body fluids, because it 
or its pi'ecui-sor, melanogen, colors the urine in many cases of melanoma. 
The pigment has probably rarely, if ever, been detected in particulate 
foi'in in the leukoc3des of the blood. 

The mobilization of ixielanin from areas of normally or pathologically 
pigmented cells and the paths of its excretion from the body have been 
studied in aged blondes and brunettes, in adult Negroes, in patients with 
Addison’s disease, in those with melanoma and in more than four 
hundred white mice each of which had the transplantable Harding- 
Passey mouse melanoma. 

In Addison’s disease and melanomatosis the kidneys contained much 
melanin in Henle’s loops and in the collecting tubules, as did the reticulo- 
endothelial cells of the liver, spleen and lymph nodes. Melanin granules 
were often present in renal casts, and one diagnosis of Addison’s disease 
was made ante mortem partly on the basis of such a finding. The kidneys 
of old people, especiall}^ brunettes, and of constipated adult Negi'oes, 
who died of severe wasting disease showed similar findings. In melanosis 
coli the pigment in the phagocytes in the colonic mucosa seems to be 
true melanin and occurs only in very constipated people. The paths of 
excretion of melanin appear to be, then, from the skin by desquamation, 
through the intestinal tract and through the kidneys. The ingestion of 
iTielanin in foods and the synthesis of melanin in the intestines may 
account for much of the pigment in melanosis coli. 
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The pigment of the zona reticularis of the suprarenal gland appears 
to be melanin, and it is suggested that the pigment is absorbed from 
the neurogenic cells of the contiguous suprarenal medulla, thus adding 
the epithelial cells of the suprarenal cortex to the list of possible 
melanophores. This explanation of the origin of melanin in the supra- 
renal gland is in harmon}’’ with the Soldan-Masson theory of the origin 
of melanotic tumors and suggests that melanin, wherever it is encoun- 
tered, is always of neuro-ectodermal origin. 
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FURTHER EXPERIMENTS ON THE TYPE OF EDEMA PRODUCED 
BY A DIET LOW IN PROTEIN 

SAMUEL A. SHELBURNE, M.D. 

DALLAS, TEXAS 

Dr. Egloff and I have described ^ a method of producing hypo- 
proteinemia and edema in a dog by feeding a diet with a low protein 
content. We have repeated this experiment on four adult dogs, and 
were able to produce h3^poproteinemia of the same degree found in the 
first dog, but only two of the four animals became edematous when 
salt and water were forced by gavage. We again found an excess of 
fat in the renal tubules of the animals. The amount of fat in the 
animals that had edema and those that had hypoproteinemia without 
edema was quite similar, which doubtless is proof that the edema itself 
has little to do with the fatty deposits. 

There has been a suggestion that these lesions are accidental findings 
(Leiter-). We have added control studies, lacking in the first paper, 
which make more convincing the evidence that the fat changes are 
actually a result of the experiment and not changes found in most dogs 
used in the laboratory. In the first place, we examined sections of the 
kidney from eighteen dogs used in various experiments in the laboratory'^ 
which we were sure did not influence the kidneys. These sections 
uniformly showed little or no fat in the renal tubules. Also we fed 
two dogs a high fat but nonnal protein diet, and these dogs showed 
very little fat in the renal tubules. 

We have been unable to prove that the fatty changes in the renal 
tubules were the result of protein starvation and low plasma proteins 
per se, for we could not show that the anemia which invariably appears 
in these experiments was not a potent factor in the deposition of this 
fat. However, Dr. George H. Whipple of Rochester, N. Y., sent us 
sections stained for fat from four dogs which had been kept anemic for 
more than a year, and only one of these showed an excess of fat in the 
convoluted tubules. He did not study the plasma proteins, so it is 
possible that this one animal had hypoproteinemia. Neither Dr. Whipple 
nor we are willing to admit this as positive erndence. Further experi- 
ments are in progress to control this factor. 

1. Shelburne, S. A., and Egloff, W. C.: Arch. Int. Med. 48:51, 1931. 

2. Leiter, Louis: Arch. Int. Med. 48:1, 1931. 
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Therefore, we are still unable to convince ourselves that there is a 
definite relation between the fatt}- changes and the similar deposits in 
the convoluted tubules of patients with the nephrotic syndrome. As 
contrary e^■idence, we have been able to show that the renal fat in all 
of our dogs was not doubly refractile. This is of importance, as 
Lubarsch® has shown that this type of fat is characteristic of the 
nephrotic types of renal disease. Therefore, we report this as an 
interesting finding that may in the future throw some light on the com- 
plex subject of fat metabolism. 

METHODS AXD FHETHER COMMEXTS 

Four adult female dogs, weighing from 15 to 18 Kg., were selected 
for feedings low in protein. They were fed a normal CargiU synthetic 
diet and then placed on a diet low in protein. We tried Cargill's diet 

T.\ble 1 . — Diet A 


Protein, Fat, Carbohydrate, 

Constituents Grams Gm. Gm. Gm. 

Lactose 75 0 0 75.0 

Butter. 50 0.5 t2.0 

Codlireroil SO ... SO.O 

Tunup 100 l.S 0.2 S.l 

Potato 100 2.2 0.2 1S.4 

Bone ash 10 0 0 0 

Salt mixture 2 0 0 0 


Total 307 4.0 72.4 101.5 


Tcast concentrate, 20 Gm. added each treek 

Total caloric value, 1,0TS (from 60 to 70 calories per kilogram tor one dog) 


low in protein (synthetic), but after a short time the dogs refused this 
food, so we had to return to a vegetable diet similar to that used in our 
first experiments, but ii-ith the addition of a I'east concentrate, bone ash 
and a salt mixture (Cargill). 

Two other dogs. 5 and 6. were placed on a diet with the same fat 
content, but with an adequate amount of protein. These animals ivere 
considered as proper controls on the factor of the increased fat in the 
diet affecting the amount of lipoid in the renal tubules. 

AA e were able to produce edema in dogs 1 and 3 after the plasma 
protein fell below 4 Gm. per hundred cubic centimeters, with the 
albumin below 2 Gm. It is interesting to note tliat although ven- low 
plasma protein levels were readied in dogs 2 and 4, there was never a 
time when the total plasma protein Avas below 4 Gm. and the plasma 
albumin Avas beloAv 2 Gm. "We Avere unable to precipitate edema in these 

3. Lubarsch. O.. in Henke. F.. and Lubarsch. O. : Handbuch der speziellen 
pathologischen Anatomie und Histologie. Berlin. Julius Springer. 1925 vol 6 

p. 525. 1 . • 
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animals in spite of forcing large amounts of salt and water. In sum- 
mar}^ of our total experience with this type of edema in dogs, we may 
say that these figures probably represent critical levels of plasma protein 
for the formation of edema. Of course, this is much lower than the 
critical levels in man. 

We again noticed marked anemia in these animals after prolonged 
low protein feeding. We attempted to run a control on the part played 
by this factor in causing the fatty changes in the kidneys by removing 


Table 2. — Results in the Case of Dog 1 
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13.4 

32.0 

6.1 

3.2 

2.9 




•• 


250 ce. of whole 
blood withdrawn 

7/ 3/31 

12.8 

31.0 

4.2 

... 

... 

0.682 

0.172 

IS 

M 

250 ce. of whole 
blood withdrawn 

7/15/31 

12.S 

24.0 

3.7 

... 

... 

0.607 

0.163 

14 

M 

340 cc. of whole 
blood withdrawn 

7/18/31 

12.8 

24.0 

3.8 

... 

... 





M 

Autopsy 


* In this and tho succeeding: tables, under diet, X indicates the normal Cargill diet Syn- 
thetic) ; LP, the low protein Cargill diet (synthetic); A, the low protein diet (vegetable), and M, 
the milk (1,000 cc. daily) and meat (about 200 Gm. daily) diet. 


one kidney after the plasma proteins had fallen to the edema level, 
allowing the protein levels to rise by feeding meat and milk, but main- 
taining severe anemia by bleeding, and then comparing the amount of 
fat in the two kidneys. Unfortunately the bleeding, or a failure to eat 
all of the food, resulted in the maintenance of the low plasma protein 
levels, and so this approach to the problem failed (tables 2 and 3). 

All the kidney tissues were fixed in both formaldehyde and Zenker's 
fluid. Sections were stained with hematoxylin and eosin and for fat 
with nile blue sulphate and sudan III. An unstained section^ of 
formaldehyde-fixed tissue was examined in water with polarized light 
and crossed prisms, both before and after warming. 
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The gross appearance of the kidneys was not remarkable. However, 
the renal tubules of the dogs fed a diet low in protein uniformly showed 
a large excess of isotropic fat when compared with those of the control 
animals. There was little or no difference in the amount of fat found in 
the kidneys removed at operation and those removed later at autopsy. 

It may also be pointed out that we found no significant changes in 
the blood cholesterol or fatty acids during the prolonged periods of 
observation. 

PROTOCOLS 

Dog 1. — This dog was an adult, smooth haired, female which weighed 18.4 Kg. 
She was fed a normal synthetic diet (Cargill) from Dec. 22, 1930, until Jan. 1, 
1931, when she was placed on a sjmthetic diet low in protein (Cargill) with 0.3 


Table 3. — Results in the Case of Dog 2 
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3/27/31 

13.3 
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4/25/31 
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5/20/31 

11.5 

34 

3.7 
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0/ 8/31 

10.7 

31 
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1.6 

2.8 


0.284 
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1,000 cc. of 1 per cent 


solution of sodium 
chloride on 5 suc- 
cessive days 


6/12/31 

11.0 







No edema 

6/16/31 

11.1 
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2.0 

ii 

No edema; left 
nephrectomy 

7/ 3/31 

11.1 

20 

3.5 

... 0.595 

0.169 

4 M 

250 cc. of blood vith- 
drawn 

7/13/31 

11.2 

21 

3.6 

0.530 

0.152 

4 

Autopsy 


Gm. of protein per kilogram of body weight ; this was continued until February 18. 
The dog was then fed diet A, described in the first paper of this series. AVe tried 
various forms of Cargill diets, but we found that after varying periods the dogs 
refused it, but they ate the vegetable diet (diet A) much better, though as a 
rule not all of it. 

The total plasma protein had fallen to 4.6 Gm., with an albumin-globulin ratio 
of 3.0 : 1.5 by the eighty-sixth day. We then administered by gavage 1,000 cc. 
of a 1 per cent solution of sodium chloride on two successive days, but no edema 
was observed and there was no gain in weight. However, on the one hundred 
and fortieth day the total protein had dropped to 3.6 Gm., with an albumin-globulin 
ratio of 2.3 : 1.4 ; the administration of the same amount of salt solution produced 
extensive subcutaneous pitting edema and a gain in weight of 1.7 Kg. Nephrectomy 
was performed on the left side on the one hundred and forty-seventh day while 
the dog was still edematous. The dog was given a transfusion of 450 cc. of 
whole blood and was then fed a diet of milk and meat with a generous allowance 
of protein. However, after two days the plasma protein level had not changed 
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protein levels to rise and then compared the pathologic picture of the remaining 
kidney with that of the one removed at operation. We were successful in main- 
taining the anemia by the withdrawal of large amounts of blood, but the expected 
rise in plasma protein levels did not occur. Doubtless the failure of the dog to 
eat all her food was a large factor in this disappointing result. Autopsy was per- 
formed on the forty-ninth postoperative da}^ 

Autopsy showed, on external appearance, a marked emaciation. The muscles 
were pale, and the subcutaneous fat was almost absent. The left kidnej- was 
absent. The right kidney weighed 70 Gm. The capsule stripped with ease, leaving 
a smooth reddish-gray surface. The parenchyma of the kidney was of the usual 
consistency, and on section there was some yellow striation at the cortical medul- 
larj' junction. Microscopic sections of the liver revealed a few large vacuoles 
within the cells throughout the lobule. The cytoplasm was coarsely granular and 
swollen. The sections of the kidnej- showed a large amount of fat, largely con- 
fined to the cells of the loops of Henle, and most of it stained red or lilac with nile 
blue sulphate. There was no doubly retractile lipoid in the especially prepared 
sections. There was no essential difference in the histologic picture in the right 
and the left kidney. 

Dog 2. — This dog was an adult female graj- police dog, weighing 18.5 Kg. She 
was fed a series of diets similar to those given to dog 1. On the fifty-fifth day, 
the total plasma protein was 4.5 Gm., with an albumin-globulin ratio of 2.4: 2.1. 
At this time 1,000 cc. of salt solution was administered by gavage. but there was 
no gain in weight, and no edema appeared. This was repeated on the one hundred 
and ninth day, when the total protein was 3.7 Gm. and the albumin-globulin ratio 
2.0: 1.7, and again there was no gain in weight. On the one hundred and thirty- 
sixth day, the total plasma protein fell to 3.5 Gm., with an albumin-globulin ratio 
of 2.5 : 1.0, and again the administration of sodium chloride produced no edema. 

Nephrectomy was done on the left on the one hundred and thirty-sixth day. 
The postoperative diet was the same as that given dog 2, and we again maintained 
anemia by the withdrawal of large amounts of blood. This dog also showed con- 
stanth' low plasma protein levels after the operation. She was killed, and autopsy 
was performed on the twenty-ninth postoperative day. The autopsy report was 
essentially the same as that of dog 1. 

Dog 3. — ^This was an adult, brown, female police dog, weighing 15.3 Kg. She 
was fed in the same way as dog 1. The total plasma proteins fell to 4.5 Gm., with 
an albumin-globulin ratio of 2.5 : 2.0 on the fifty-fifth day of the low protein 
feeding. At this time 1,000 cc. of a 1 per cent solution of sodium chloride was 
administered by gavage on two successive days, but no edema appeared. However, 
on the one hundred and ninth day the plasma protein had fallen to 3.7 Gm., with an 
albumin-globulin ratio of 2.2 : 1.5. At this time the same amount of salt solution 
was given, and extensive pitting edema developed with a total gain in weight of 
1.7 Kg. This dog was so weak that the experiment had to be terminated on the 
one hundred and twenty-second day, when she was killed and autopsj' was 
performed. 

Autopsy showed nothing remarkable in the external appearance except moderate 
edema at the extremities, which also involved the subcutaneous tissues of the 
abdomen and thorax. The peritoneal cavitj' contained 75 cc. of clear light yellow 
fluid. There was edema of the walls of the stomach, and near the pylorus there 
were five small ulcers with indurated edges. 

The kidneys were similar to those of dog 1, except that near the cortical 
medullary junction and extending from it into the cortex for a distance of 3 mm. 
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there was a radial deposition of yellow flecks in the tissue. The microscopic picture 
was similar to that in dog 1. 

Dog 4. — This dog was an adult brown and black female weighing 18 Kg.; it 
was fed the same series of diets given to dog 2. On the eighty-third day the 
plasma protein had dropped to 4.9 Gm., and the albumin-globulin ratio was 2.9 : 2.0. 
During this time she was getting 1,000 cc. of a 1 per cent solution of sodium 


Table 4. — Results in the Case of Dog 3 
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chloride on two successive days, and there was no gain in weight. By the one 
hundred and thirty-seventh day, however, the plasma protein had fallen to 4.2 Gm., 
with an albumin-globulin ratio of 2.4 : 1.8. At this time the same amount of salt 
solution was administered, and she gained 0.7 Kg., but there was no demonstrable 
edema. This dog died on the one hundred and forty-third day. 

Autopsy showed essentially the same changes as in dog 1. 

Dogs 5 and 6. — These were control animals; they were fed a diet containing 
the same amount of fat per kilogram as diet A contained but an adequate 
amount of proteins (2.2 Gm. per kilogram). They consumed the diet well and 
were fairly healthy throughout with no evidence of anemia, and they gradually 
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gained weight. There was little or no change in the plasma protein levels. 
Autopsies were performed on the one hundredth day. 

Autopsy revealed nothing of interest. The kidneys were normal in every 
respect. The sections stained with nile blue sulphate and sudan III showed very 
little fat. The difference in the amount of fat in these kidneys and in those of the 
experimental animals was striking. 


SUMMARY AND CONCLUSION 

Hypoproteinemia and edema were produced in two of four dogs fed 
a diet low in protein for a long time. A critical level of plasma proteins 
for the formation of edema in the dog is probably 4 Gm. of total protein 
per hundred cubic centimeters and 2 Gm. of plasma albumin. 

The fatty changes in the renal tubules of all our dogs with hypo- 
proteinemia were shown not to be accidental but the result of the 
experimental procedure. We are unable to prove that these fatty 
changes are not due to the anemia which invariably complicates these 
experiments, but we offer evidence that the anemia is not a potent 
factor. This fat is not the same as that found in the convoluted tubules 
in patients with the nephrotic S3’ndrome, for in the dogs the fat is not 
in the form of doubly refractile spherocrystals. 



LIPOID PNEUMONIA 


JACOB RABINOVITCH, M.D. 

AND 

MAX LEDERER, M.D. 

BROOKLYN 

The role which the exogenous introduction of oily substances plays 
in the etiology of certain pathologic conditions of the lungs has aroused 
considerable interest in recent years because of the increasing use of 
a variety of oils in the treatment of diseases such as disturbances of 
the gastro-intestinal and respiratory tracts and vitamin deficiencies. 
The lesion produced in the lungs by the action of these oils consists 
essentially of a diffuse infiltration of the parenchyma with large mono- 
cytic cells, which engulf the oil in an attempt of the organism to dis- 
pose of it, together with other inflammatory cell infiltrates, such as 
plasma, eosinophilic and giant cells. After the inflammatory process 
subsides and healing takes place, there results local formation of fibrous 
tissue which replaces those portions of the parenchyma which previously 
had been the seat of the pneumonic process. Usually an acute inflam- 
matory pneumonic superimposition occurs which causes death. This 
lesion has been termed lipoid pneumonia. 

It has been established that similar pulmonary lesions can be pro- 
duced in animals by the intratracheal injection of oily substances. 
Guieysse-Pellissier ^ showed that following such injection of olive oil 
in dogs or rabbits, the alveoli become filled with monocytes containing 
oil and many iDotymorphonuclear neutrophilic and esoinophilic leuko- 
cytes. Corper and Fried - described similar lesions in the lungs of ani- 
mals following the use of olive oil, liquid petrolatum and chauhnoogra 
oil. Segal and Cohen, of this laborator}^ confirmed these observations, 
in 1926, by intratracheal sprays of albolene in rabbits (unpublished 
experiments). In 1925, Laughlen® reported the case of an adult with 
paralysis of the larynx and vocal cords and the cases of three children 

From the Department of Patholog^v of the Jewish Hospital of Brooklyn. 

1. Guie 3 'sse-Pellissier, A.: Compt. rend. Soc. de biol. 83:809, 1920. 

2. Corper, H. J., and Fried, H.: J. A. U. A. 79:1739. 1922. 

3. Laughlen, A. F. : .\m. J. Path. 1:407, 1925. 
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who showed large quantities of oil droplets with pulmonary changes 
similar to those described by Guieysse-Pellissier in experimental ani- 
mals. He was also able to reproduce the lesion in the lungs of animals 
by tlie intratracheal injection of oil}' substances. In 1927,. Pinkerton 
reported six cases with findings similar to those reported previously. 
He obsen-ed. too. that the oily substance in the lungs is removed slow!}', 
and that the end-picture of this process is fibrosis accompanied b}' giant 
cell formation. !Hore recently, Pierson ^ reported a case of pneumonia 
in a cliild caused by aspiration of lipoids and gave a fairly detailed 
account of the findings in the lungs. He stated that the oil causes a 
profound and rapid reaction, which represents an effort on the part 
of the bod}' to expel the foreign material. He expressed the opinion 
that pneumonia caused by lipoids is not common, although the realiza- 
tion of its possible existence may lead to more frequent diagnosis. 

This paper has for its purpose a review of the subject to the present 
time and a presentation of six t}'pical cases which illustrate this condition. 

REPORT OF CASES 

Case 1. — A girl. 9 weeks old, was admitted to the hospital on Xov. 29, 1925. 
Four da 3 'S before the mother noted that the baby was fretful and in pain: this 
continued for three days. On the day before admission the patient took her 
feeding badly, was drowsy and irritable, became cyanotic and had several soft, 
greenish bowel movements. She was a normal infant, bom at full term, had 
been cj'anotic since birth, and had gained only 1 pound (4.5 Kg.). 

The patient was ver\' ill with a temperature of 97.2 F. ; she was markedh' 
c\-anotic, and respiration was of a Chejme-Stokes character. A brownish-red, 
mucoid material was expectorated frequenth'. There were dulness over the bases 
of both lungs and bronchial breathing. A loud systoh'c murmur was heard over 
the precordium. She died within three hours after admission. The red blood 
cells numbered 3,620,000 ; the hemoglobin was 75 per cent, and leukoc\'tes num- 
bered 27,000. A blood culture showed Staphjdococcus anhaemoh'ticus. The clini- 
cal diagnosis was congenital heart disease and bronchopneumonia. 

At autopsy the bodj' was that of a poorh' nourished infant. The heart was 
enlarged, and the mitral valve was covered Avith numerous A'egetations. The 
ductus arteriosus was patent ; the large A'essels Avere transposed. The lungs shoAved 
a few pleural adhesions on the left side and a small amount of straAV -colored 
fluid in the left pleural caA'ity. The upper lobe and the posterior portion of the 
lower lobe of the right lung and the entire posterior portion of the left lung Avere 
of a dark bluish color and firm. ^licroscopicalh', the discolored and firm por- 
tions showed an intense inflaramatorA- process associated Avith atelectatic changes. 
The exudate AAas rather peculiar, as it consisted mainly of large monocA-tic cells 

4. Pinkerton, H.: Am. T. Dis. Child. 33:259, 1927. 

5. Pierson. T. \V.: J. A. M. 99:1163. 1932. 



162 


ARCHIVES OF PATHOLOGY 


which were heavily laden with fat globules. This cellular reaction was apparent 
everywhere, particularly within the lumens of the alveoli and, in places, within 
the alveolar walls. Some of the fat globules were extracellular, lying freely in 
the alveoli and alveolar walls. Associated with this lipoid process was a severe 
inflammatory reaction characterized by an exudate consisting of polymorpho- 
nuclear leukocytes and round cells (fig. 1). 

Subsequent information from the mother revealed that the child’s throat had 
been sprayed with an unidentified oily substance for some time. 
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Fig. 1 (case 1). — Fat-laden monocytes within the alveolar spaces and alveolar 
walls of the lungs. 


Tlte follotving four cases present no history of aspiration of oily 
substances into the lungs, although postmortem examination sho-\ved 
their presence. In all of the cases, however, there was a history of 
vomiting, and it is possible that during vomiting small amounts of fat, 
perhaps from milk, were accidentally aspirated. 

Case 2. — A boy, 6 months of age, was admitted to the hospital on Feb. 10, 1933, 
because of vomiting and diarrhea. He was apparently well until eight days before, 
when he had diarrhea with blood and mucus in the stools. His temperature was 
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104 F. two days before entrance and later fluctuated between 99 and 101 F. He 
was well developed and nourished. Respirations were slow and labored; the 
breath had an acetone odor. The lungs were normal on percussion and ausculta- 
tion. The child died on the day following admission. 

At autopsy, the lungs showed diffuse areas of consolidation. Microscopic 
examination of these areas revealed numerous large monocytic cells within the 
alveolar spaces. The cytoplasm of these cells was largely replaced by fat vacuoles 
which caused the cell to appear as a pale structure, while the nucleus was dis- 
placed toward the periphery. Other portions of the lung showed an acute pneu- 
monic process with dense leukocytic infiltrations. 

Case 3. — girl, 9 months old, was admitted to the hospital on Dec. 2, 1932, 
because of convulsions, underdevelopment and poor feeding. She showed evidence 
of an infection of the upper respiratory tract and of hypoglycemia. The liver 
was large, reaching to the brim of the pelvis. The temperature rose to 106 F., 
and the patient died on the day of admission. 

At autopsy, the lungs showed diffuse areas of bronchopneumonia. Micro- 
scopically, many of the alveolar spaces in these areas were infiltrated with an 
abundance of large cells, the cytoplasm of which was replaced by multiple tiny 
fat vacuoles. In other areas the alveolar exudate consisted of large collections 
of polymorphonuclear leukocytes. Incidentally, the liver showed marked fatty 
changes, and the islands of Langerhans were markedly hj'pertrophied. 

Case 4. — A bo}', 3 months of age, was admitted to the hospital on March 16, 
1933, because of vomiting, fever and diarrhea. Two weeks before admission he 
had a temperature of 103 F., which later fluctuated between 102 and 106 F. He 
took his feedings poorlj', vomited several times a day and later showed diarrhea. 
On admission he was acutely ill, drows}'’ and breathing rapidly. The tonsils and 
throat were deeply congested ; he had bilateral otitis media. A few hours after 
admission he died. 

At autops}”^, there were found in the lungs patch)'- areas of consolidation, in 
which the alveoli and bronchioles showed microscopically a purulent exudate. 
Many of the alveolar spaces and bronchioles contained numerous large monocytic 
cells, the C 3 i:oplasm of which contained many small fat globules. Some of these 
cells were found within the alveolar walls and in the adjacent lymph spaces. 

Case 5. — ^A bo)'-, 15 months of age, was admitted to the hospital on March 
11, 1933, because of projectile vomiting, constipation and underweight. He was 
apparently well until the age of 5 months, when he began to have attacks of 
vomiting, which continued until admission. He was fairly well developed, irri- 
table and apathetic. The lips were slightly cyanotic. The fingers and toes were 
clubbed. The heart and lungs were recorded as normal. Bronchopneiunonia 
developed, and the patient died on April 3. The important observations at autopsy 
were confined to the kidneys and lungs, the former being the seat of an acute 
and subacute glomerulonephritis. 

The lungs showed pleural adhesions at the apexes. In this region the pul- 
monary tissue was firm and consolidated. The rest of the lungs showed no 
significant changes. Sections from the apexes showed numerous large, pale cells 
within the alveoli. Many of these cells were filled with multiple tiny fat vacuoles. 
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The septums also contained man}' of these cells, as well as homogeneous globular 
bodies. Similar cells were found in the lymph spaces. Other patches showed the 
usual pneumonic changes. 

The following case is of particular interest and therefore will be 
described in greater detail. It concerns a 4 year old child who suffered 
from encephalitis and bulbar paralysis and in whom a pneumonic process 
developed as the result of the long-continued administration of large 
amounts of cod liver oil. 

Case 6. — A boy, 4 years old, was admitted to the hospital on Nov. 14, 1931, 
because of inability to walk for the past five months. Following whooping cough 
at the age of 2 years, there developed symptoms indicative of encephalitis, with 
a high temperature, convulsions, loss of consciousness, cyanosis, frothing at the 
mouth and incontinence of urine and feces. He showed marked improvement 
during his stay in the hospital. He was readmitted, however, on Oct. 28, 1932, 
with symptoms of laryngeal paralysis and difficulty in talking and walking. On 
examination, there was evident a generalized spasticity of the extremities and of 
the back. All deep reflexes were exaggerated; the facial expression was fixed, 
and there was no display of emotion except when the child was crying. During 
his stay in the hospital, the temperature ranged between 99 and 100 F. until 
December 31, when encephalography was performed ; 105 cc. of spinal fluid was 
removed, and 100 cc. of air was injected. On the following day he became 
stuporous and cyanotic; he had marked general convulsions and finally died. 

At autopsy, the body was fairly well developed and well nourished. The lungs 
were voluminous and free from adhesions. The pleural surface was mottled with 
areas of pinkish-yellow discoloration which shaded into deep red toward the base. 
There were noted externally discrete purple-red nodules which were sharply 
demarcated from the surrounding lighter-colored surface and measured, on the 
average, from 5 to 6 mm. in diameter. These nodules felt firmer than the 
remainder of the lung and resembled small infarcts which had become impreg- 
nated with carbon. The cut surface of these nodules was distinctly firmer and 
drier than the surrounding parenchyma, while that of the remaining lung showed 
a diffuse purple-red discoloration and a moderately firm consistenc}'. The bron- 
chioles were considerabb' thickened and dilated and contained pus, mucus and 
frothy fluid. In the apical region of the right lung was a circumscribed abscess 
about 2 cm. in diameter, surrounded by a well formed pyogenic membrane and 
containing necrotic material mixed with thick 3 'ellow pus. 

Microscopic examination of the lungs showed the essential lesion to be an 
inflammatory process in which large mononuclear cells formed the bulk of the 
exudate. These cells filled the alveoli and contained many fatty particles. The 
latter appeared as small spherical bodies, occupying the larger portion of the cell 
cytoplasm, with displacement of the nucleus toward the periphery. Large num- 
bers of fat globules were also found in the alveoli and in the septums. Frozen 
sections showed these globules to be a fatt}' substance which stained bright red 
Avith scarlet red. The areas corresponding to the nodules described in the gross 
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showed local necrosis with an intense inflammatory reaction. The cells consisted 
chiefly of monocytes filled with fat droplets and to a lesser degree of polymorpho- 
nuclear leukocytes and plasma cells. The unaffected alveoli adjoining the pneu- 
monic areas showed emphysema. The exudate in the abscess consisted mostly of 
leukocytes and to a smaller extent of fat-laden monocytes. Toward the periphery 
there were granulation tissue rich in capillaries and a fibroblastic process. Extra- 
cellular and intracellular oil droplets could be seen in fairly large numbers. 
Another striking feature in the lungs was peculiar nodular formations of concen- 
tric rings of epithelial, giant and fibroblastic cells, in many instances encysting 





Fig. 2 (case 6). — Granulomatous areas in the lung, consisting of concentric 
rings of fibroblastic tissue, epithelial cells and scattered giant cells. In the midst 
of these are oil droplets. 


in their midst fat vacuoles. The general appearance resembled tubercles. How- 
ever, the epithelial cells which formed the most conspicuous part of the lesion 
simulated more the lining epithelium of the bronchioles. These lesions were 
interpreted as attempts to encyst the foreign material, similar in nature to granu- 
lomas caused bj’’ the presence of foreign bodies (figs. 2 and 3). The tracheo- 
bronchial lymph nodes contained fat-laden cells but were otherwise normal. In 
the brain, the left lateral ventricle was markedlj'' dilated. Alicroscopicalh’’ a wide- 
spread gliosis was noted, particularly in foci around the ventricular system. 
Microglia, especially the protoplasmic glia, were considerably increased. 
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The microscopic changes in the lungs of this patient were similar 
to those described by other authors. The formation of granuloma-like 
lesions typified a process peculiar to foreign body tissue reactions. The 
mode of entr}'- of the foreign oily substance into the lungs is interesting. 
The mother stated that she had forced large quantities of cod liver oil 



Fig. 3 (case 6). — High power photomicrograph of one of the granulomas, 
showing the presence of the oil-laden monocytes within this structure. 


into the throat of the child for a long time in an attempt to improve 
his general health. It is probable that the child, already afflicted with 
encephalitis and bulbar paralysis, had lost the protective mechanism of 
preventing foreign matter from being aspirated into the lungs. As a 
result of this defect the oil apparently found its way into the lungs and 
was the cause of the lipoid pneumonia. 
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COMMENT 

The appearances in these cases are striking and indicate certain sig- 
nificant conclusions. The pulmonar}^ reaction to the oily material is 
much the same as that to any other foreign body. It consists of an 
inflammation which has for its main purpose, apparently, the ridding 
of the organism of the oily material. The cellular exudate in the alveoli 
and bronchioles consists for the most part of large monocytic cells 
which engulf the oil droplets and transport them to the local lymph 
channels and the regional lymph nodes. The chief interest centers, 
therefore, about the large monocytes, while the other cells which par- 
ticipate in the picture are of secondar}"^ importance. The latter cells 
are polymorphonuclear neutrophilic and eosinophilic leukocytes and 
plasma and giant cells. The fibrous tissue formation later in the dis- 
ease is the end-result of the inflammatory lesion and represents an 
attempt at healing by scar tissue. 

The formation of granulomas is of particular interest as a localized 
reaction to the oily substance, which results in the creation of concentric 
la 3 'ers of epithelial cells, giant cells and fibroblastic tissue encysting 
droplets of oil. Thus, the foreign body substance is disposed of in at 
least three different ways: (1) expectorated with the monocytes, (2) 
taken up by the lymphatics or (3) encj’-sted in the granuloma. These 
three ways of eliminating the oily substance may be seen in the same 
lung, although at times one process may predominate. 

That the amount of oil and the length of time of administration 
have a definite bearing on the pulmonary lesions there can be no- doubt. 
Moreover, that the chemical composition of the oil may have some 
influence on the pulmonar)^ reaction has been suggested by some. If 
the quantity of oil which finds its way into the lungs is abundant and 
the administration is continued over a long time, the inflammatory reac- 
tion will be more intense and widespread. It has been shown, both 
clinically and experimentally in animals, that within a few minutes after 
the introduction of oil into the lungs there occur an inflammatory 
reaction and an invasion by large monocytes. The elimination of the 
oily substance, on the other hand, is slow'. Since the introduction of 
iodized poppy seed oil as a diagnostic aid, cases of lipoid pneumonia 
due to this substance have been obsen^ed. One of us (J. R.) recently 
saw' such a case following the intratracheal introduction of this sub- 
stance in an old person who later died of bronchopneumonia. The lungs 
showed changes similar to those seen in lipoid pneumonia. The fre- 
quent use of oils in pediatric practice by way of the mouth and naso- 
pharynx offers ample opportunity for the oil, especially in the vety 
young, debilitated child, to find its w'ay into the lungs. 
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Clinical and experimental evidence indicates that areas of lipoid 
pneumonia may occur without symptoms and signs in most cases. 

The present study indicates the need for a change from the treatment 
of children by means of oily substances administered via the naso- 
pharynx. It is evident that pulmonary inflammations due to the aspira- 
tion of lipoids are not detected often enough clinically. This is mainly 
because the initial lesion in the lungs is not sufficiently widespread to 
yield detectable clinical or roentgenologic signs. The diagnosis may be 
made, however, if a history of administration of an oily substance by 
way of the respiratory tract is obtained. It is also suggested that a 
careful examination of the expectorated material for monocytes con- 
taining oil droplets might be of value. Finally, serious pulmonary com- 
plications might be avoided by the more careful and controlled use and 
selection of oily substances for treatment by way of the nasopharynx, 
especially in 3mung, debilitated children. 

SUMMARY 

Lipoid pneumonia occurs most frequently in infants. When it 
occurs in old persons it is usually due to laryngeal paralysis or to direct 
intratracheal introduction of oil. 

The anatomic changes produced in the lungs by oil are characteristic 
and consist essentially of large monocytic cell infiltration and granu- 
lomatous formation. The greater portion of the oil is engulfed by 
monocytes and is either expectorated or carried to the regional 
lymphatics. Part of it is encysted in granulomatous tissue. 

It is suggested that the diagnosis of lipoid pneumonia can be made 
in a certain number of cases by the examination of expectorated 
material for oily substances in the monocytic cells. 



HISTOLOGY OF CERTAIX ORGANS AND TEETH IN 
CHRONIC TOXICOSIS DUE TO FLUORINE 

PAUL H. PHILLIPS, Pe.D. 

AXD 

AL^IN R. LAMB, Ph.D, 

MADISOX, vnS- 

Studies on the grov.'th and reproduction ot rats receiving fluorides 
constantly as a part ot the diet have recently been reported.^ Large 
numbers of animals rvere used, and a systematic effort rvas made to 
determine the mechanism oi the observed toxic effects by means or histo- 
logic examinations of all tlte principal organs. Some oi the results ot 
this survet' are presented here. 

The amounts of fluorine given to these animals tvere generally belovr 
the levels causing acute symptoms of toxicosis but tvere such as to pro- 
duce evidence of chronic poisoning. The amounts used mere betmeen 
15 and 30 mg. oi fluorine per kilogram of bodt' meight daily. 

Reports in the literature on the effects of the ingestion of fluorine 
in comparable amounts exhibit variable results. Sollmann - stated that 
no histologic changes mere produced by sodium fluoride v.'hen fed in 
amounts of from 50 to 150 mg. per kilogram of body vreight per day. 
Kick ® reported that the feeding of sodium fluoride had no effect on the 
liver, kidney, spleen, thr'roid or parathyroid of rats. He found that 
1 per cent of rock phosphate did not cause degeneration of the epi- 
thelium of the convoluted tubules in the kidney- of the rat. Hauck. 
Steenbock and Parsons ’ could detect no histologic changes in eight}'- 
eight parathyroid glands, sectioned serially, from rats fed 0.15 per cent 
sodium chloride. They mentioned degenerative changes in the kidney 
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and testes. Cristiani ® studied the histologic changes in the hypophysis 
cerebri and the thyroid glands of guinea-pigs suffering from fluorosis. 
Macroscopically, the hypophysis was reported to be diminished in size 
and volume. Microscopically, the reduction in size of the gland was 
due to atrophy of the cellular elements. The connective tissue stroma 
was distended and the blood vessels showed dilation which gave the 
appearance of chronic passive congestion to the gland. The acinal cells 
were reported to have become smaller in size and poor in cytoplasm 
which was remarkably free of granular material. Small amounts of 
sodium fluoride caused a proliferation of the parench 3 ^matous tissue 
of the thyroid gland in 14 experimental animals. Chaneles ® studied the 
histologic changes in rats fed a diet of milk and ‘bread plus 50 mg. of 
sodium fluoride per kilogram of body weight per day. His examination 
of the thyroid gland, testes, suprarenal glands, heart, spleen, liver, kidney 
and bone yielded negative results ex:cept for slight congestion in the 
liver, spleen and suprarenal glands. 

Goldenberg ' reported that a daily intake of from 2 to 3 mg. of 
sodium fluoride caused hypertrophy of the thyroid gland in the rat, and 
that sodium fluoride administered either orally or intravenously amelio- 
rated the clinical symptoms of exophthalmic goiter. Tolle and Maynard,® 
however, found no differences in the weight of the thyroid gland between 
controls and fluorine-fed rats. 

EXPERIMENTAL METHOD 

Tissues were taken for histologic examination from the animals used in the 
studies previously described.^ In all, 1,798 preparations representing more than 
300 animals were made. The tissues thus obtained represent experimental animals 
fed various amounts of sodium fluoride or rock phosphate and their controls. The 
basal diet, which is given in detail in the papers cited, contained yellow corn, 
wheat middlings, linseed oil meal, alfalfa meal, tankage, ground limestone, bone 
meal and sodium chloride. The rock phosphate contained 3.52 per cent fluorine. 
The additions to the basal diet were given under a variety of experimental pro- 
cedures, but in most cases they were given throughout the life of the animal. In 
groups A-1, A-3 and A-7 second, third, fourth and fifth generation rats are 
included. 

The tissues taken for study were: liver, kidney, thyroid, suprarenal, hypo- 
physis, ovary, testes, femur and incisor teeth. These tissues were fixed in the 

5. Cristiani, H. : Compt. rend. Soc. de biol. 103:556, 745 and 981, 1930; 107: 
554, 1931. 

6. Chaneles, J. : Rev. Soc. argent, de biol. 5:386, 1929. 

7. Goldenberg, L. : Compt. rend. Soc. de biol. 95:1169, 1926; Semana med. 
2:1659, 1932. 

8. Tolle, C., and Maynard, L. A. : Cornell University Agricultural Experiment 
Station, Bull. 530, 1931. 
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usual manner in a trinitrophenol-formaldehyde solution ® or in Zenker’s fluid to 
which a dilute solution of formaldehyde was added ; they were dehydrated in graded 
alcohol and embedded in paraffin. In the case of the bones and the teeth, decalci- 
fication was effected by means of S per cent nitric acid in 70 per cent alcohol 
during the dehydration process. A few teeth were fixed, dehydrated, embedded 
in balsam and ground thin for examination of the enamel layer. All sections were 
stained with hematoxylin and eosin in the usual manner, 

RESULTS 

The microscopic appearance of the tissues was quite normal in com- 
parison with the severe gross symptoms of chronic fluorosis. At the 
moderate levels used in the greater part of these experiments the glands 
and organs concerned with reproduction were unaffected. The high 
level of 0.30 per cent sodium fluoride caused marked degenerative 
changes in the testes. The ovaries, hypophysis and suprarenal glands 
were in most cases normal, although fatt}’' degeneration was noted in 
the suprarenal glands in a few cases and there was a tendency toward 
passive congestion of this gland as indicated by the distended appear- 
ance of the blood vessels and sinusoids, particularly in the region of 
the zona reticularis of the medulla. 

The deviations from the normal histologic appearance most fre- 
quently observed in the soft tissues were in the kidney and thyroid 
gland. Frequently ecchymotic or petechial hemorrhages occurred which 
might be taken as evidence of toxemia. These hemorrhages occurred 
in the endocardium and particularly in the mucosa of the pylorus. 
Hemorrhages of the pylorus in fluorine-fed rats were also observed by 
Hauck and her co-workers 

Ihe deviation most often noted in the thyroid gland was a change 
in the epithelial elements (fig, 1). The normal uniformly low cuboidal 
cells lining the acinus changed into a low columnar type of cell resem- 
bling a parenchymatous proliferation. The changes noted were not 
extensive, and in most cases a portion of the gland retained its normal 
appearance. The character of the colloidal material was less frequently 
changed. There seemed to be a tendency toward more desquamation 
of the epithelial cells in the animals receiving fluorine. Fligh levels of 
fluorine intake over short periods of time failed to produce these 
changes. There was some evidence of occasional fibrosis. 

The kidney was most frequently affected. The nature of the changes 
were usually those of parenchymatous degeneration in the convoluted 
portion of the renal tubules, and occasionally hyaline degeneration in 
the blood vessels (fig. 2). In acute cases the tubules became greatly 
distended. Macroscopically, the kidney became spotted. 

9. Solution of formaldehyde, U. S. P., 500 cc. ; distilled water, 1,875 cc.; 
glacial acetic acid, 125 cc. ; trinitrophenol to saturation point. 
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Fig. 1, — The thyroid gland : 1 , thyroid gland from a normal rat fed the basal 
A-1 ration; X SOO. 2 , thyroid gland from a rat fed the basal A-1 ration plus 
1 per cent rock phosphate which contained 3.5 per cent fluorine. Cellular infiltra- 
tion and fibrosis are evident in this portion of the gland ; X 500. 3 , thyroid gland 
from a rat fed the basal A-1 ration plus 0.043 per cent sodium fluoride. The acinal 
cell is distinctly transformed into a parenchymatous proliferative type of cell. 
The presence of numerous large cells with transparent cytoplasm is apparent 
(a). These acini in this gland suggest changes caused by fasting; X 500. 
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Fig. 2. — The kidney : kidney from a rat fed the basal A-1 ration ; X 500. 

2, kidney from a rat fed the basal A-1 ration plus 1 per cent rock phosphate which 
contained 3.5 per cent fluorine. The disappearance of occasional nuclei and the 
occurrence of pyknosis indicate degenerative changes in this portion of the kidney. 
A hemorrhagic area is present; X 500. S, kidnej”^ from a rat fed the basal 
A-1 ration plus 0.15 per cent sodium fluoride. This represents the severe effects 
of fluorine on the kidney. It is marked by considerable dilatation and distention 
of the renal tubules. In most cases much cellular debris is found in the lumen 
of the tubules, and occasionally renal casts are seen; X 500. 
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The table indicates that the testes, ovaries and liver were also affected 
to some degree. Except at the higher levels of fluorine intake, the degen- 
eiation of the testes may have been influenced by senility, as the only 
male showing testicular degeneration at a low fluorine intake was 
approximately la months old, and this change is not infrequently noted 
in control animals at this age. In the A-3 and A-7 lots the females 
showing changes in the ovaries had all produced one litter each and 
subsequently failed to become pregnant. In these cases persistent 
corpora lutea were present and few or no developing follicles were 
observed. The changes observed in the liver were those of fatty degen- 

Sumimry of the Frequency of the Occurrence of Histologic Changes in Soft 
Tissues Noted in Animals on Fluorine Diets as Compared zvith Controls 
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eration, which occurred in 2 cases, and occasionally intracellular edema 
was noticed. These changes may or may not have been due to the effects 
of the fluorine. 

A total of 122 decalcified slides prepared from the maxillae and 
mandibles with cross-sections of the teeth, and also of the radius and 
ulna of young rats up to 8 weeks of age, showed no variation from 
normal. The teeth exhibited normal pulp, characteristically arranged 
odontoblasts, -well developed dentinal tubules, and apparently normal 
calcification of the dentin. Abnoi-mal calcification of the long bones 
was not detected at this age. 

The bleaching effect of fluorine on the teeth of rats has been 
described in general terms by other workers. It is interesting to observe 
the development of this phenomenon in mature animals fed our basal 
ration plus 0.15 per cent sodium fluoride. The bleaching effect is first 
noticed on the mandibular incisors between the fourteenth and sixteenth 
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Fig. 3 — The teeth: 1, a ground section of a tooth from a rat fed the basal 
A-1 ration. Xote the regular and uniform enamel rods and the outer dark bard 
(a) v.hich rc-presents the amber-colored surface of the normal enamel in the rat 
tooth; X 200. 2, a ground section of a tooth from a rat fed the basal A-1 ration 
plus 015 per cent rock phosphate until the amber color ^^as lost. appro>Jmatel:r 
thirty da>s. This tooth v.as grotmd semen hat thinner than the section in 1. 
Xote the “flakj” character and loss of densitj- of the outer portion of the enamel 
la\er; X 200. 
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day after the incorporation of the sodium fluoride in the ration. It is 
first noticeable as a white chalky band at the base of the teeth. The 
band widens lapidly, ascending' the tooth and causing a change from 
the normal amber color of the anterior surface of the tooth to a chalky 
lusterless white. There is a distinct line of demarcation between the 
two sections of the tooth, and the progress of the decoloration is easily 
followed. Usually the bleaching of the full length of the tooth requires 
from ten to twelve days. The mandibular incisors bleach first, followed 
by the maxillary incisors in the same manner. Both pairs of incisors 
are thus completely bleached in approximately fifty days. Coincident 
with the bleaching there is a failure to wear normally, and the usual 
chisel edge is lost. The teeth become thickened and elongated, with the 
increase in size due principally to an increase in the dentine. 

Ground sections of these teeth present a defective enamel in the 
outer one third of this structure (fig. 3). While there seems to be a 
tendenc}'- to a more widely dispei'sed area of Tomes, the chief variation 
from normal lies in the colored portion of the enamel. The enamel 
rods appear to be normal in size, length and form, but the outer portion 
becomes flaky and loses the compact appearance and the color present 
in the normal tooth. Abnormal calcification appears likely and suggests 
either defective calcification or removal of calcium. Chipping of this 
outer layer is noticeable in teeth from rats which have been subjected 
to a long-continued ingestion of fluorine. 

SUMMARY AND CONCLUSIONS 

Histologic changes have been observed as the direct result of includ- 
ing fluorine in the diet of rats, either in the form of the sodium salt or 
as rock phosphate. Degenerative changes were found most frequently 
in the kidneys, with degeneration of the testes at the higher levels of 
ingestion of fluorine. The degree of deviation from the normal histo- 
logic appearance was closel}^ related to the level of the fluorine ingested. 
The histologic appearance of the hypophysis remained practically normal, 
which is in harmony with the fact that it maintains its normal weight 
and functioning power with respect to gonadal stimulation. No reduc- 
tion in size of the gland and no atrophy of the cellular elements were 
observed. A mild parenchymatous proliferation occurred in the thyroid 
gland when sodium fluoride was fed. No gross hypertrophy of this 
gland was observed. 

These studies of toxicosis due to the ingestion of fluorine indicate 
that fluorine produces pathologic changes in the kidneys, incisor teeth 
and thyroid glands in the rat when from 20 to 30 mg. of fluorine per 
kilogram of body weight is ingested daily. To a lesser and more vari- 
able extent, pathologic changes have been noted in the liver and supra- 
renal gland's. Pathologic changes in other tissues were not detected. 



NATURE AND ORIGIN OF THE XANTHOMA CELL 


L. W. PLEWES, il.D. 

TOROXTO, CANADA 

During the past half century much work has been done and many 
obsen'ations recorded dealing with xanthomatous processes. In this 
study an attempt has been made to determine the origin and more 
particularly the nature of the fimdamental cell common to these proc- 
esses — the xanthoma cell or foam cell. 

The material studied in the preparation of this paper included eleven 
cases from the surgical laboratory of the Toronto General Hospital, six 
cases from the laboratories of the Department of Healtli, Ontario, and 
two cases from the Hospital for Sick Children, one of which, was an 
example of Gaucher’s disease. In all but the latter case, the xanthoma 
nodules were removed by surgical procedures since 1929, making a 
total of eighteen specimens. 

Xanthoma has been found in nearly ever}- tissue of the body.^ Prob- 
ably the most frequently seen type of xanthoma is the so-called xanthe- 
lasma palpebrarum. The disease appears as flattened r'ellowish plaques 
on the upper e^'elids of older people. The next most common type is 
the xanthoma of the tendon sheaths. Certain conditions, such as dis- 
eases of the liver with icterus, nephritis and diabetes, are frequently 
associated with the formation of xanthoma. Specialized types of xan- 
thoma forming defiirite clinical S)Tidromes, such as Schuller-Christian’s 
disease, Gaucher’s disease and Niemann-Pick disease, are not common. 
The familial incidence of xanthoma has been observed and recorded 
by many.' 

Xanthoma usually presents a typical appearance in the gross. It is 
remarkable that as a general rule one may recognize xanthoma and 
similar processes b}' their peculiar color. The typical xanthelasma seen 
on the upper eyelids of persons past middle life presents a 3’ellowish- 
orange color, sometimes rvith a grayish tint. This color may or mar* 
not be seen in other types of xanthoma, as in xanthoma diabeticorum. 
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which usually has a zone of redness about the borders of the nodule. 
Oi again, in xanthoma tuberosum and xanthoma multiplex, the color 
may not be obvious from the surface. If, however, one incises such a 
nodule, the typical egg-yolk color may be seen. In this regard it is 
noteworthy that atheroma of the arteries is identical in color to xan- 
thoma. The color here may be modified considerably by the occurrence 
of atheroma in a large plaque of chronic nodular endarteritis, in which 
case the yellowish color may be faintly seen through the layer of the 
pearly white endarteritis. Furthermore, in locations where the tissues 
have been involved in chronic suppurative reaction, masses presenting 
this typical color may be seen ; for exaniple, chronic empyema, chronic 
abscess of the brain and chronic suppurative salpingitis. Smith == claimed 
that this color ma}'^ be due to a colored lipoid, an endogenous melanotic 
pigment, blood pigment or a combination of these. Garret ascribed 
the color to blood pigment. Miller = claimed that carotene and xan- 
thophyll, belonging to the group of carotinoids, when combined with 
cholesterol esters, which themselves are colorless, give rise to this color. 

In preparing microscopic sections for study, the following stains 
were used after embedding in paraffin : hematoxylin and eosin, Mallory’s 
connective tissue stain, phosphotungstic acid-hematoxylin and Masson’s 
stain. A special study was made of frozen sections which were stained 
with Sudan III and nile blue, and further differentiation was obtained 
by the use of the polarizing microscope. 

Pollitzer and Wile ® grouped their microscopic observations into 
three stages : the smallest and youngest lesions, the stage of proliferation 
and the stage of retrogression. Their findings were in general substan- 
tiated by the present series. In the earliest lesions a few foam cells 
may be seen in intimate relationship to the adventitia of small blood 
vessels. These cells vaiy from 10 to 25 microns in diameter. They are 
veiy pale in paraffin sections. A fine thin cell membrane encloses a 
cytoplasm which consists of very delicate strands forming tiny, round, 
oval and slitlike spaces. The cytoplasm is slightly basophilic in reaction. 
The nucleus is usually centrally placed and is large and generall)^ pale- 
staining; frequentty a nucleolus can be seen. In sections stained with 
Sudan III, tiny red globules can be seen to fill most of the cell. Some- 
times these globules are larger and fewer. When nile blue is used, 
these globules stain faintly pink, deep blue or an intermediate mauve to 
purple. Under the polarizing microscope a small amount of doubly 
refractile substance can be seen. These fat-staining reactions indi- 
cate a mixture of lipoid substances, and since the nucleus shows no 

3. Smith, D. T.: Arch. Surg. 8:908, 1924, 

4. Garrett, C. A.: Arch. Surg. 8:890, 1924. 

5. Miller, quoted by Rowland, R. S. : Ann. Int. INIed. 2:1277, 1929. 

6. Pollitzer, S., and Wile, U. J. : T Cutan. Dis. 30:235, 1912. 
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qualities demonstrative of a degenerative process, it is assumed that this 
lipoid material has been phagoc 3 dosed by the aforementioned cells. 

In later lesions, the number of foam cells is greatly increased. Indi- 
vidually, they are larger, measuring up to 40 microns in diameter. The 
lipoid globules become smaller. There is a more definite appearance to 
the cytoplasm. It appears as a fine network of a reticulated character, 
slightly basophilic in reaction. The nucleus is sometimes swollen, and 
the chromatin network is coarse and deeply stained. Other nuclei are 
pale and dotted with finely granular chromatin, and usually an eccentric 
nucleolus is present. There is considerable fibrous connective tissue 
round about masses of the foam cells. Some of the individual foam 
cells appear compressed and elongated by pressure from the surround- 
ing fibrous tissue cells. Occasional!}'', with fat stains, fibroblasts may 
be seen to contain a small amount of lipoid material, none of which, 
however, is doubly refractile to polarized light. In a large clump of 
foam cells, the more central cells may become polygonal. Occasionally 
a large cell may be seen with two or three nuclei and foamy cytoplasm, 
evidently a stage in the formation of a Touton giant cell. This picture 
is to be differentiated from the foreign body giant cell, which infre- 
quently may be seen enclosing a long narrow slit, representing the posi- 
tion of a cholesterol crystal which has been dissolved in the preparation. 

At a later stage there is a still greater increase in the connective tissue 
element, which at times closely resembles granulation tissue. The foam 
cells are of a more uniform size. Many cells having the appearance of 
giant cells may, on closer examination, be seen to be true giant cells, 
or, on the other hand, a thinning of the cell membrane may closely 
simulate this condition. On examining this stage with Nicol prisms, 
the cholesterol content of the cells appears to have definitely increased, 
although the reactions to the fat stains remain as before. 

In none of the cases examined was the xanthoma seen to extend into 
the epidermis or below the deep fascial layers. In every case the lesion 
was limited to the subcutaneous tissues, which in these areas were more 
or less thickened. 

In my observations on the fatty character of these lesions, nile blue 
was used to distinguish neutral fat from fatty acid, the former staining 
red and the latter blue. Thus the lipoid constituent of xanthoma was 
found to be composed of cholesterol and its esters, neutral fats and fatty 
acids. Probably the most important and constant of these is cholesterol 
and its esters. The relation between these lesions and a possible dis- 
turbance of cholesterol metabolism has thus been the object of great 
attention. 
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Many authors have observed and reported cases of xanthoma asso- 
ciated with hypercholesteremia (Ingram/ Hoessli ® and others). A 
few have reported the blood cholesterol as normal or even subnormal.® 
In this regard Bloch pointed out that low serum cholesterol was the 
exception rather than the rule. He showed that the lipoid system of 
the blood consisted of the insoluble substances cholesterol, phosphatides, 
neutral fats and fatty acids, which were present in a finely dispersed 
stable emulsion, and soaps, which were soluble. Proportions of the 
substances, if changed sufficiently from the normal, resulted in a dis- 
turbance of the stable emulsioji, the particles becoming larger and 
coarser and, granted favorable conditions, being precipitated to form 
xanthoma. Thus, Bloch showed that determination of only one con- 
stituent (viz., cholesterol) was not conclusive in establishing the pres- 
ence or absence oi a disturbance of lipoid proportions. 

Disturbance of lipoid metabolism and especially h3'^percholesteremia 
can thus be seen to play an important etiologic role in the production 
of xanthoma. 

Such conditions as jaundice and diabetes (Finney, Montgomery 
and News’- Major and others) are frequently precursors to the forma- 
tion of xanthoma. Numerous other authors (Engman and Weiss,’® 
Mook and Weiss and others) have observed the disappearance of 
xanthoma in these cases with suitable diet or treatment with insulin. 

Trauma as an etiologic factor has been advanced by several writers. 
The frequent occurrence of xanthoma of the tendon sheaths possibly 
bears some I'elation to friction as a localizing factor. Chauffard pre- 
sented a case in which xanthoma developed at the site of hypodermic 
injections of sodium cacodylate, the patient having a preexisting hyper- 
cholesteremia. Ochs described a case in wliich xanthoma developed 
at the sites of injection during treatment for syphilis and in which a 
series of lesions developed around the vaccination scar. Many experi- 
menters have produced a state of hypercholesteremia in animals, espe- 

7. Ingram, J. T. : Brit. J. Dermat. 38:335, 1927. 

8. Hoessli, H. ; Beitr. z. klin. Chir. 95:185 and 198, 1914. 

9. Rosenthal, F., and Braunisch, R. : Ztschr. f. klin. A'led. 92:429, 1921. 
Rosenbloom, J. : Arch. Int. Med. 12:395, 1913. 

10. Bloch, B.: Brit. J. Dermat. 43:61, 1931. 

11. Hutchinson, J. ; Sangster, A., and Crocker, H. R. : Tr. Path. Soc. London 
33:376, 1882. 

12. Major, R. H. : Bull. Johns Hopkins Hosp. 35:27, 1924. 

13. Engman, M. F., and Weiss, R. S. : Arch. Dermat. & Syph. 8:625, 1923. 

14. Mook, W. H., and Weiss, R. S'.: Arclr. Dermat. & Sj’^ph. 8:19, 1923. 

15. Chauffard, quoted by McWhorter, J. E., and Weeks, C. : Surg., Gynec. & 
Obst. 40:199, 1925. 

16. Ochs, B. : Arch. Dermat. & Sj'ph. 22:922, 1930. 
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dally the rabbit, by feeding them a diet high in cholesterol. Anitscbow 
produced subcutaneous sterile abscesses in rabbits in this state and 
produced typical xanthoma. ^Yeidmanl® produced a similar condition 
in dogs. Chuma produced xanthosis and xanthoma in rabbits under 
similar circumstances. Anitscbow also produced localized xanthoma in 
hypercholesteremic rabbits b}'' repeated trauma to the skin over the 
tendo acbillis and by freezing the skin with carbon dioxide. 

From the foregoing remarks it would appear that disturbance of 
cholesterol metabolism is of definite etiologic significance, and that 
trauma may be a factor in the localization of the xanthomatous process. 

In a similar manner, the so-called atheroma may be experimental!}^ 
produced by feeding animals a diet high in cholestei'ol.-® The first 
lesions produced by experimental methods are the fine superficial fatty 
streaks.-®'^ If carried for a sufficient time, atheroma may be produced.-^ 
Klotz found that the name “atheroma” was given by Flaller in 1755 to 
“callosities and yellow spots projecting into the arterial lumen from 
which a soft pultaceous material could be expressed.” 

In the gross the appearance of atheroma simulates that of xanthoma 
remarkably. The peculiar yellowish-orange color is an outstanding fea- 
ture. Atheroma appears as localized, flattened nodules or plaques 
slightly raised above the remainder of the intimal surface. It has, how- 
ever, two features which are not seen in xanthoma: (1) On incising the 
intimal covering, a grumous, slimy, yellowish material may be squeezed 
out; and (2) there is a tendency toward calcification with advanc- 
ing years. 

On microscopic examination a significant finding, which sometimes 
is very marked, is the presence of foam cells. These have an appearance 
identical to that of the foam cells discussed previously as xanthoma cells. 
The features of the large pale cell with A’ery fine vacuoles, giving to the 
cytoplasm a finely reticular structure in sections prepared with alcohol, 
may be seen. The size of these cells varies from 10 to 35 microns. The 
nuclei usually stain well but show no evidences of degeneration. More- 
over, on employing fat stains, the material in these cells may be seen 
to consist of cholesterol esters, fatty acids and neutral fats. 

Even in the earliest lesions of fatty nature in the intima, that is, 
superficial fatty streaks, foam cells may be seen.-®*^ These cells are large 

17. Anitscbow, N. : {a) Miinchen. med. Wchnschr. 60:2555, 1913; (Z?) Beitr. 
z. path. Anat. u. z. allg. Path. 57:201, 1914. 

IS. Weidman, F. D.: Arch. Dermat. & Syph. 15:659, 1927. 

19. Chuma, M.: Virchows Arch. f. path. Anat. 242:275, 1923. 

20. (a) Klotz, Oskar; Brit. M. J. 11:1767, 1906; (b) J. M. Research 33:157, 
1915; (c) Centralbl. f. allg. Path. u. path. Anat. 19:535, 1908; (d) Duff, G. L.: 
Experimental Cholesterol Arteriosclerosis, to be published. 

21. Klotz, Oskar: J. M. Research 32:27, 1915. 
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Fig. 1.— Chronic pelvic suppurative reaction showing foam cells. Hematoxylin 
and eosin stain; X 400 (A-81-33). 



Fig. 2. — Section of lung (inhaled peanut with sequelae) showing foam cells in 
the alveoli. Hematoxylin and eosin stain; X 400 (A-387-32). 
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pale cells loaded with fatty substance, but not usually having the finely 
reticular character, as mentioned. It is also significant that cholesterol 
and its esters can rarely be demonstrated in these cells with the polariz- 
ing microscope. Extracellular fat and fibroblasts containing fat are 
found. In more advanced lesions of the superficial fatty streak variety, 
true foamy cells are frequentl)'^ observed, and anisotropic fatty sub- 
stances may be demonstrated. 

In one case sections through the aorta revealed a remarkable picture. 
The intima was greatly thickened and greatly vascularized. ]\'Iany capil- 
laries were present, and surrounding these capillaries, in intimate relation 
to them, were large numbers of typical foam cells. The material studied 
was obtained during an autopsy (fig. 5 ) in a case in which thorotrast had 
been used clinicall}' for diagnostic purposes. Thorotrast is a suspension 
of finely particulate thorium dioxide, and has been used recently as a 
method of outlining the reticulo-endothelial system (Irwin--), the cells 
of this s)'’stein displaying an active phagocytic action toward particulate 
matter in the blood stream. It is significant and, I believe, an important 
finding that after a careful study thorotrast was found in small quantity 
within foam cells making up atheroma of the aorta. A few small, 
high!}' refractile particles were seen within typical foam cells surround- 
ing the capillaries in the thickened intimal atheromatous plaque. The 
particles of thorium dioxide were usually to be seen at the periphery of 
the finely reticular C 3 ’'toplasm and were demonstrated best in sections 
stained with hematoxylin and eosin and JN'Iasson’s stain. The signifi- 
cance of this finding will be discussed later. 

Foam cells may be seen in other conditions, and numerous authors 
have called attention to this fact (Haagensen,-® Aschoff,-'* Harbitz -® and 
Bloch *°). Thus, in routine work several instances have been observed in 
a relatively short period. One example was found in connection with 
a chronic pelvic inflammation in which numerous small )’'ellowish-orange 
nodules were found; on section of the nodules, fat stains and paraffin 
sections revealed the typical foam cells described, with a lipoid content 
similar to the xanthoma cell. Other examples were chronic abscess of 
the brain, chronic emp3’^ema and strawberr3’' gallbladder. Another inter- 
esting case was that of a patient who died as a result of pneumonia 
following aspiration of a peanut seA^eral months previous^. In this 
case sections of the lung presented the t3'pical egg-3’^olk color in the 
gross; on microscopic examination, in man3'^ areas the alveoli were 
plugged with t3'pical foam cells. The fat stains here again disclosed the 
lipoid content to be of a similar nature. In addition to those given, 

22. Irwin, D. A.: Canad. M. A. J. 27:130, 1932. 

23. Haagensen, C. D.: Am. J. Cancer 16:1077, 1932. 

24. Aschoff, quoted by Brown, T. R., and Howard, J. T. : Internal. Clin. 4: 
106, 1931; quoted bj'' Hoessli.s 

25. Harbitz, F.: Arch. Path. 4.: 507, 1927. 




Fig. 3. — Xanthelasma palpebrarum, showing Teuton giant cell and many foam 
cells. Hematoxylin and eosin stain; X 800 (U.S.C.-S-642-32). 



Fig^ 4. — ^Xanthoma of the tendon sheath sho\ving relation of the foam cells to 
the capillaries. Hematoxjdin and eosin stain; X 800 (Dr. Bates T-888-31). 
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Ste^Yal•t listed the following conditions ; cholesteatoma of the choroid 
plexus, m3-elin kidney, myeloid tumor of the tendon sheaths (endothe- 
lioma), subacute inflammation of the adipose tissue, subacute and 
chronic salpingitis, subacute and chronic abscesses, retention lesions of 
the breast, cerebral lesions in which there is degeneration of the myelin, 
dermoid cj^sts, mycosis fungoides, certain lesions of the thyroid gland 
and tumors showing degeneration. It will be seen that xanthoma and 
atheroma are found in cases with a probable derangement of cholesterol 
metabolism and are. therefore, generalized conditions. On the other 
hand, the remaining lesions are associated with a local degenerative 



Fig. 5. — Aorta, showing vascularization of the intima with atheroma and foam 
cells containing thorotrast. Hematoxylin and cosin stain ; X "100 ( A-72-33) . 


process in which there is liberation of lipoid locally. Weber •’ added 
another case, one of arcus senilis, and in relation to all of these condi- 
tions, he spoke of a cholesterol diathesis. 

Thus, it ma\' be seen that certain types of lesions, characterized by a 
typical gross picture and consisting mainl}’^ of foam cells as seen under 
the microscope, are intimateh* linked together. On the one hand, there 
may be as an etiologic factor hypercholesteremia, or, ag'ain, an alteration 
in the lipoid constituents so that cholesterol is precipitated out. And. on 
the other hand, in certain other conditions in relation to chronic sup- 


26. Stewart, AI. J.; Brit. At. J. 2:893, 1924. 

27. Weber, F. P. : Brit. J. Dermal. 36:335, 1924. 
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puration, a localized precipitation or infiltration of cholesterol esters 
occurs.-® In all of these conditions foam cells may appear. Moreover, 
it is also noteworthy that in normal tissues not belonging to the reticulo- 
endothelial system, such as the lutein cells of the ovary, the cortex of 
the suprarenal glands and the sebaceous glands, cells with foamy cyto- 
plasm are seen ; this is related to a local increase in cholesterol in 
these tissues. I shall leave for the present consideration of Gaucher’s 
disease and Niemann-Pick disease, since these conditions have been 
found to be associated with lipoids other than cholesterol. 

When cholesterol is present in large amounts or when lipoid ratios 
are altered so that the cholesterol exists as finely particulate matter in 
colloidal suspension, it is phagocytosed by the cells of the reticulo-endo- 
thelial system. When these cells have performed this function, they 
gradually assume the form of the foam cell. What proof is there that 
the xanthoma cells are of the reticulo-endothelial system? By their 
very function of phagocytosis of particulate matter and colloidal mate- 
rial, they proclaim themselves as such. Moreover, Anitschow,^'-"' in 
his experimental!}'’ produced xanthoma, found that the cells which 
phagocytosed the lipoid material picked up vital dyes. In a similar 
manner, I have demonstrated thorotrast, which is comparable to a vital 
dye in this regard, within foam cells in atheroma of the aorta. Thus 
I have shown not only that the foam cell of atheroma is probably 
identical in function to the xanthoma cell, but also that both probably 
arise from the same system of cells, that is, the reticulo-endothelial 
system. That lipoids other than cholesterol may act in this manner is 
demonstrated in the more rare diseases, Gaucher’s disease and Niemann- 
Pick disease, the former being associated with a lipoprotein and the 
latter with a phosphatide.-'’ 

CONCLUSIONS 

A series of eighteen cases of xanthoma, in which the nodules were 
removed surgically, was studied fi'om a standpoint of the origin and 
nature of the xanthoma cell. 

A study of fatty lesions of the arteries was made in relation to a 
fundamental similarity of atheroma and xanthoma. 

It is believed that the xanthoma cell and the foam cell of atheroma, 
of chronic suppurative reactions and of certain systemic diseases are of 
identical nature.' 

Furthermore, I believe that the origin of both of these cells is from 
the reticulo-endothelial system, and that the foam cell is an evidence 
of specific reaction of the cells of the reticulo-endothelial system to 
certain lipoids, especially cholesterol and its esters, when conditions 
favorable for their deposition in tissues are present. 

28. Landois, F., and Reid, M.: Beitr. z. klin. Chir. 95:56, 1914. 

29. Sosman, M. C: Am. J. Roentgenol. 23:581, 1930. 



MULTIPLE NECROSES OF THE SPLEEN (FLECKED 
SPLEEN OF FEITIS) 

WITH SPECIAL REFERENCE TO THE ASSOCIATED RENAL LESIONS 
PAUL H. GUTTMAN, M.D. 

DENVER 

In 1921, Feitis ^ reported a thorough study of two cases of multiple 
anemic necroses of the spleen which differed in both gross and micro- 
scopic structure from the forms described previously. The rarity of this 
condition is apparent, as only twenty-one cases have been described in 
the literature since Feitis’ publication. These are briefly outlined in 
table 1. 

The appearance of the spleen is characteristic. The cut surface 
shows man)’- well defined, light yellow to gray-white areas which are 
firm and vary in diameter from 2 or 3 mm. to 2 cm. Frequently they 
are crowded closely to the peripheral portion of the spleen and are 
absent in the center, although in some cases the entire organ is involved. 
These areas are very irregular and of bizarre shape and frequently show 
jagged outlines. Many of the larger foci are connected by narrow bands 
of necrotic tissue, giving the surface a mosaic structure. These light- 
colored areas stand out conspicuously against the dark red-brown pulp. 
A distinct peripheral zone of hyperemia may be present around many 
of the necrotic areas. In some areas this is lacking. The organ occa- 
sionally shows marked atrophy. In most cases the spleen is of normal 
size, and in a few cases its weight is increased (Nicod ; - Meuret,® case 2 ; 
Adolphs,^ case 2). 

On microscopic examination Feitis ^ distinguished two types of necro- 
sis: (1) typical necrosis and (2) atypical necrosis. The typical necrosis 
conforms somewhat to the structure of an infarct, in that three zones 
are distinguishable : a necrotic central area composed of a structureless, 
dense mass of nuclear debris and necrotic parenchyma ; a paler inter- 
mediate zone, or Auslaugungssonc, containing necrotic parenchyma infil- 
trated with a few leukocytes, and a peripheral hemorrhagic zone which 
merges with the non-necrotic parenchyma. These areas are most numer- 

From the Department of Pathology, University of Colorado School of Medi- 
cine. 

1. Feitis, H.: Beitr. z. path. Anat. u. z. allg. Path. 68:297, 1921 

2. Nicod, J. L. : Ann. d’anat. path. 7:67, 1930. 

3. Meuret, W. : Beitr. z. path. Anat. u. z. allg. Path. 73:535, 1924. 

4. Adolphs, E. : Frankfurt. Ztschr. f. Path. 41:433, 1931. 
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ous near the capsule. The areas of atypical necrosis are smaller and 
less frequently seen than the typical forms. They do not possess the 
three zones just described and vary considerably in structure. Large 
areas of necrosis are formed by the fusion of a number of smaller areas. 
There is no relation between the lymphoid follicles, trabeculae and 
pulp and the necrotic areas. 

The vascular changes are pronounced, being most marked in the 
small and medium-sized central arteries of the follicles. In the majority 
of cases reported, these changes consist of necrosis of the wall which 
begins in the intima and extends into the media, causing confluence of 
these two layers. The walls are converted into a hyaline coagulated 
mass containing scattered nuclear fragments. In many of these vessels 
the endothelium is destroyed and the lumen is filled with a hyaline sub- 
stance which merges with the necrotic walls of the vessel. Marked 
hyperplastic elastic intimal thickening and regenerative connective tissue 
proliferation of the intima are present in the larger vessels of the 
trabeculae. Occasionally, these vessels contain partially organized 
thrombi. With the exception of one case (Lubarsch,® case 4) embolic 
phenomena have been absent. The veins are not affected primarily. 

Geipel ° reported a case of puerperal eclampsia in which splenic 
changes similar to those described by Feitis ^ were noted. These changes 
were associated with multiple necroses of the cortex of the kidneys. 
The vascular changes in this case differed from those described in the 
other cases cited. The small arteries of the red pulp, the central arteries 
of the lymphoid follicles and a few of the small trabecular arteries were 
partially or completely occluded by fibrin thrombi. The peculiar necrosis 
of the arterial walls seen in other cases of flecked spleen was lacking in 
Geipel’s case. The larger arteries were not affected. Mathias, in a 
discussion of Geipel’s ” paper, stated that he had seen similar changes in 
the spleen of an eclamptic patient showing the typical changes in the 
liver described by Schmorl. This case is not included in table 1, since 
no description is given. Mathias expressed the opinion that the necrosis 
was due to angiospasm followed by endothelial injur}'- and thrombosis. 
Lubarsch ® maintained that in these cases the thrombosis and subsequent 
necrosis are due to a toxic factor, and he accordingly designated this 
condition as the “toxic-thrombotic” form of flecked spleen, in contra- 
distinction to the type described by Feitis,’^ Meuret ® and others, which 

5. Lubarsch, O. : Pathologische Anatomic der Milz, in Henke, F., and 
Lubarsch, O. : Handbuch der speziellen pathologischen Anatomic und Histology, 
Berlin, Julius Springer, 1927, vol. 1. 

6. Geipel: Centralbl. f. allg. Path. u. path. Anat. 35:8, 1924; Arch. f. Gynak. 
124:231, 1925. 
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he classed as “arteriosclerotic autotoxic” flecked spleen. Hosoi ' adopted 
a similar classification but incorrectly included in the toxic-thrombotic 
group a case of pernicious anemia described by Lubarsch ° in which 
multiple necroses of the spleen occurred following blood transfusion. 
In this case thrombosis was completely lacking, and for this reason 
Lubarsch hesitated to include it in the toxic-thrombotic group or to 
classify it as a form of flecked spleen. As a toxic cause of thrombosis 
of the small arteries in eclampsia and the pathogenesis of arteriolonecro- 
sis are still disputed, a classification of flecked spleen based on etiologic 
pathologic information is not justifiable. It would be less confusing 
to regard the type of lesion described by Geipel as a thrombotic form 
of flecked spleen, as distinguished from the arteriosclerotic foi'm 
described b}" Feitis and others. 

The existence of a third, or arteritic, type of flecked spleen is indi- 
cated by the recent case reports of Laufer.® The lesion is inflammatory, 
involving the small and medium-sized arteries of the spleen. Laufer 
found marked leukocytic infiltration of the adventitia and media, fre- 
quentl)’’ with necrosis and swelling of the media and connective tissue 
proliferation of the intima. Laufer classified the lesion as periarteritis 
nodosa. The vascular changes, however, do not conform entirely to 
the classic picture of periarteritis nodosa described by Kussmaul and 
Maier,® since the arteries of visible caliber are not involved, aneurysmal 
dilatations are not described and thrombosis is lacking. Moreover, 
the areas of anemic necrosis of the spleen do not resemble the infarct- 
like lesions found in classic cases of periarteritis nodosa. The t3'pe 
of vascular lesion described by Laufer is similar to that seen occasionally 
in cases of subacute glomerulonephritis (Klemperer and Otani and 
in cases of malignant hypertension (Fahr^^). Klemperer designated 
these lesions as necrotizing arteritis, endarteritis and periarteritis, as 
distinguished from the purel)^ degenerative vascular type, or arteriolo- 
necrosis, seen in most cases of malignant hypertension. 

Enzer,^® in 1926, described a case of multiple necroses of the mal- 
pighian bodies in a case of pernicious anemia. Death was due to 
bronchopneumonia. Although Enzer included the case as a typical 

7. Hosoi, K.: Arch. Path. 6:26, 1928. 

8. Laufer, S.: Centralbl. f. allg. Path. u. path. Anat. 58:113, 1933. 

9. Kussmaul and Maier, quoted by Jores, in Henke, F., and Lubarsch, O. : 
Handbuch der speziellen pathologischen Anatomic und Histologic, Berlin, Julius 
Springer, 1924, vol. 2. 

10. Klemperer, P., and Otani, S.: Arch. Path. 11:60, 1931. 

11. Fahr, T. : Pathologische Anatomic des ^Morbus Brightii, in Henke, F., 
and Lubarsch, O. : Handbuch der speziellen pathologischen Anatomic und His- 
tologic, Berlin, Julius Springer, 1925, vol. 6, pt. 1. 

12. Enzer, N. : Am. J. Path. 2:511, 1926. 
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example of flecked spleen, differing only in etiology, there seems to be 
meager evidence for this assumption. The large, irregular, connected 
areas of necrosis, easily visible to the naked eye, found in all the cases 
1 ‘eported in table 1, were not present in Enzer’s case, the necrotic areas 
being extremely small and barely visible to the naked eye. There were 
no evidences of vascular disease, such as obliteration of the lumens or 
the formation of thrombi. There is little ground for Enzer’s assump- 
tion that flecked spleen of Feitis is characterized by necrosis of the 
malpighian bodies. No description of this is given in the papers of 
Feitis,^ Lubarsch,^ Meuret,^ Adolphs,^ and others. Feitis stated that 
no relationship could be found between the areas of necrosis and the 
malpighian bodies. In many of the cases, the lymphoid tissue is very 
scant and consists of narrow cylindric sheaths about the central arteries. 
Feitis ^ was unable to find changes other than fibrosis and occasionally 
hyalinization of the lymphoid tissue. When the follicles are included in 
the areas of necrosis, their cellular structures appear much better pre- 
served than other structures about them. 

The splenic changes described by Enzer in all probability belong to 
the group of infectious toxic necrosis not infrequently seen in various 
infectious diseases, such as typhus, acute and subacute endocarditis, 
scarlet fever and diphtheria. It resembles particularly the changes 
sometimes seen in scarlet fever and diphtheria, in which the necrosis is 
limited to the malpighian corpuscles. 

Wilton’s case and case 3 of Lauber ® are somewhat similar to the 
one reported by Enzer. In Wilton’s case, the spleen was considerably 
enlai'ged and beset with numerous small white areas and a few large 
irregular foci resembling somewhat the picture seen in tuberculous casea- 
tive necrosis and abscess formation involving the malpighian bodies. 
The central arteries of the follicles in the region of the necrotic areas 
were thrombosed. The thrombosis was secondary to the perivascular 
necrosis. Wilton believed that there was marked similarity between 
this case and that described by Feitis. Lubarsch,® however, was inclined 
to the view that the two conditions are different. It is more likely that, 
as in Enzer's case, the condition described by Wilton is a type of necrosis 
and multiple abscess formation of the malj^ighian bodies encountered 
in various infectious diseases. Lauder’s case 3 similarly was associated 
with streptococcic septicemia in which multiple abscesses, infarct-like 
lesions and acute arteritis with thrombosis were noted. 

CHANGES IN THE KIDNEYS 

The interpretation of the renal lesions in the cases of flecked spleen 
described in the literature offers considerable difficulty, especially in those 

13. Wilton, A.: Frankfurt. Ztschr. f. Path. 31:110, 1925. 
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cases in which a detailed microscopic picture is not given. The renal 
condition, with few exceptions, is associated rvith essential hypertension 
and uremia. The diagnosis is extremely varied, as noted in table 1. 
Such terms as arteriolosclerosis, malignant hypertension, vascular- 
nephritis, nephrosclerosis arteriosclerotica, granular atrophy and chronic 
glomerulonephritis with arteriolonecrosis are used to indicate identical 
or closely related conditions. This disagreement in terminology is 
readily understood since there is still little agreement, especially among 
pathologists, as to the exact nature of the renal disease in essential 
hypertension. 

Volhard and Fahr,^^ in 1914, stated that hj-pertension with renal 
insufficiency differs in its pathogenesis from the form without renal 
insufficiency, or benign hypertension. The former, termed Kombina- 
tionsform, was thought to be due to a combination of arteriosclerosis, 
with inflammatory renal changes. Since that time, these authors have 
modified their views. Volhard has ceased to believe that the presence 
of inflammatory glomerular changes distinguishes the combination form 
from benign arteriosclerosis; he has come to feel that the difference is 
quantitative, both conditions resulting from ischemia following vascular 
spasm. Fahr^^ has recognized the fact that renal insufficiency may 
occur as a slow process during the course of benign sclerosis. Accord- 
ing])’-, he divided the renal changes in essential hypertension into three 
types: (1) compensated benign sclerosis (pure arteriosclerotic kidney 
in the stage of compensation) ; (2) decompensated benign nephroscle- 
rosis, and (3) malignant (specific) nephrosclerosis. He expressed the 
belief that malignant sclerosis differs from the other forms both 
pathogenicall)’ and histologically. In the malignant form, inflammatory 
vascular changes in the form of necrotizing arteriolitis, productive 
endarteritis and periarteritis are present. These lesions are due to a 
specific toxic factor which is absent in the other forms of hypertensive 
renal disease. 

The separation of the diseases into two distinct pathologic types by 
Fahr is not accepted b)’- many observers. Lohlein maintained that 
there is no essential anatomic difference between the two forms. 
Klemperer and Otani held that malignant hypertension represents an 
acute and accelerated form of atherosclerosis in which the etiologic agent 
is the same. Bell and Clawson similarl}’ objected to Fahr’s classifica- 
tion and denied the existence of a separate pathogenic form. They divided 
primar)’ hypertension with renal insufficiency into three types : ( 1 ) acute 

14. Volhard, F., and Fahr, T.; Die Erightsche Nierenkrankheit, Berlin, Julius 
Springer, J914. 

15. Volhard, F., quoted by Klemperer and Otani: Arch. Path. 11:60, 1931. 

16. Lohlein, it.: Centralbl. f. allg. Path. u. path. Anat. 28:209, 1917, 

17. Bell, E. T., and Clawson, B. J.: Arch. Path. 5:939, 1928. 
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hypertension with uremia ; (2) chronic hypertension ending acutely in 
uremia, and (3) chronic hypertension with chronic uremia. The third 
form is the most common. The renal insufficiency is due to gradual 
atrophy and fibrosis of the parenchyma following slow vascular occlu- 
sion. The first and second forms are frequently associated with necrosis 
of the arterioles leading to rapid occlusion of the lumens of the arterioles 
and at times to infarction of the glomeruli. This classification is the 
most satisfactory because it does not assume an etiologic difference 
between the three forms and aA^oids the term malignant hypertension 
which may be justifiably applied to either the first or the second type. 

In all instances of the arteriosclerotic form of flecked spleen in A\diich 
a fairly complete description of the kidne3’^s Avas recorded, marked 
degenerative changes have been noted in tbe arterioles. These changes 
infrequently consist only of marked hyaline deposits in the intima, but 
most of the cases show in addition marked necrosis of the arterioles. 
These changes are similar to those seen in the small arteries of the 
splenic follicles; they consist of necrosis of the intima and media, loss 
of endothelium, hemorrhagic infiltration of the Avails and occlusion of 
the lumen Avith a hyaline substance. The changes in the larger A^essels 
are arteriosclerotic and consist principally of hyperplastic elastic intimal 
thickening and connectiA^e tissue proliferation. 

The glomerular changes are A'aried in nature. In most cases the 
glomeruli appear small and frequentlj'- shoAV from partial to complete 
hyalinization. Epithelial and endothelial proliferation has been described 
in a feAv instances. Necrosis of portions or of the whole of the glomeruli 
is noted. This is due to occlusion of the vasa afferentia. 

Because of the marked atrophy of the kidneys, it is apparent that 
many of these cases fall into the second type of Bell’s classification, i. e., 
chronic hypertension ending acutely in uremia. These include the cases 
described by Lubarsch, Rake (case 1), Feitis ^ (case 1) and Meuret " 
(case 1). A feAv cases fit more closely into Bell’s first type, or acute 
hypertension with uremia (malignant hypertension of Fahr; accelerated 
atherosclerosis of Klemperer). The cases of Klemperer,’® Rake’® 
(case 2) and Adolphs ^ (case 3) probably belong to this group. JMany 
cases, hoAveA'^er, cannot be classified in either of these groups since ana- 
tomic descriptions of the kidneys are lacking. 

In six instances, a diagnosis of chronic glomerulonephritis is 
recorded (Laufer ® [cases 1 and 2], Kabakaris,’® Nicod ® and Adolphs'* 
[cases 1 and 2]). Lauder’s cases lack evidence of arteriosclerosis and 

18. Rake, G. : Am. J. Path. 18:107, 1932. 

19. Kabakaris: Contribution a I’etude des necroses de la rate au cours d^e 
I’uremie, These de Lausanne, 1930; quoted by Nicod: Ann. d’anat. path. 7:67. 

1930. 
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appear to be examples of subacute and chronic glomerulonephritis 
showing acute inflammatory vascular lesions resembling periarteritis 
nodosa. In the other cases, marked vascular lesions consisting of 
atherosclerosis of the larger vessels, arteriosclerosis^ and arteriolo- 
necrosis similar to that described were noted. Adolphs, although includ- 
ing chronic recurrent glomerulonephritis in the 'anatomic diagnosis, 
stated in the discussion that the renal alterations in his cases 1 and 2 
were similar to those described by Fahr in malignant sclerosis and 
by Stem and Herxheimer in arteriolonecrosis. 

The differential pathologic diagnosis between borderline cases of 
chronic glomerulonephritis and of essential hypertension with uremia is 
exceedingly difficult. It has been pointed out by Fahr Klemperer and 
Otani,^® McGregor -- and Bell and Clawson that frequently in cases 
of essential hypertension with uremia inflammatory changes are seen 
which are indistinguishable from those occurring in glomerulonephritis, 
var}'ing only in degree of involvement. Crescent formation, prolifera- 
tion of glomerular endothelium, fusion of tufts of the glomeruli and 
leukocytic infiltration are frequently seen. Bell expressed the belief that 
these changes are due to a superimposed inflammator}'^ process. 
Klemperer and Otani, however, stated that they are due to ischemia 
following occlusion of the arterioles. On the other hand, in long- 
standing chronic glomerulonephritis in which the hypertension is severe, 
changes may occur in the arteries of the kidneys which are indis- 
tinguishable from those occurring in h 3 ’^pertension with uremia. Dif- 
ferentiation between the two conditions is based on the prominence of 
vascular lesions or the inflammatory glomerular lesions ; the former are 
marked in essential hypertension, whereas the latter are more marked 
and more diffuse in chronic glomerulonephritis. However, there are 
occasionally borderline cases which are difficult to classify, and not 
infrequentl)^ a subjective element enters into the interpretation of these 
lesions. 

The clinical features in the cases of flecked spleen reported by 
Adolphs,'^ Nicod - and Kabakaris correspond closely to the picture of 
essential hypertension, since in all cases marked cardiac hypertrophy was 
observed and the blood pressure was above that usually seen in chronic 
glomerulonephritis (Nicod, 250 systolic and 180 diastolic; Kabakaris, 
210 systolic and 130 diastolic; Adolphs [case 1], 250 systolic). Cere- 
bral hemorrhage, which occurred in Adolph’s case is rare in chronic 
glomerulonephritis, whereas it is commonly obsen’-ed as a cause of death 
in essential hypertension. 

20. Stern, M.: Virchows Arch. f. path. Anat. 251:718, 1924. 

21. Herxheimer, G. : Virchows Arch. f. path. Anat. 251:709, 1924. 

22. McGregor. L. : Am. J. Path. 6:347, 1930. 
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For these reasons it seems probable that the cases of iCabakaris, 
Nicod and Adolphs are examples of essential hypertension with marked 
vascular changes leading to an inflammator}'’ glomerular reaction rather 
than cases of chronic glomerulonephritis. 

Adolphs’ case 3 also presents difficulty in classification. The disease 
lasted only 10 days and terminated in uremia. A diagnosis of early 
acute diffuse glomerulonephritis was made on the basis of marked dif- 
fuse glomerular inflammation. There was also a marked vascular lesion 
in the form of necrosis and occlusion of the vasa afferentia. Adolphs 
expressed the belief that the condition was identical with that in the 
case of early acute glomerulonephritis described by Kuczunski and 
Huckel, but he admitted that because of the marked arteriolonecrosis it 
is difficult to differentiate this condition clearl}'^ from acute hy^’pertension 
with uremia. 


Table 2. — Age of Patients ivith “JMalignant and Benign Sclerosis” (front Klem- 
perer and Otani) Compared with Age of Patients with the 
Arteriosclerotic Form of Flecked Spleen 



Malignant 

Benign 

Flecked 

Age, Tears 

Sclerosis 

Sclerosis 

Spleen 
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1 
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41-50 




14j 


7J 


51-60 

4] 
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61 

[s3.3% ‘ 

61-70 


^25% 

i 

22 ] 

‘71% 

0 

71-SO 


ej 

0. 

Total 

16 


62 
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The age incidence in eighteen cases of the arteriosclerotic type of 
flecked spleen, when compared with that for malignant sclerosis and 
benign sclerosis obtained from the studies of Klemperer and Otani 
(table 2), lends further support to the fact that the renal lesions asso- 
ciated with the arteriosclerotic type of flecked spleen are similar to those 
in the cases included under the term “malignant or accelerated athero- 
sclerosis.” ' The age distribution of the cases of flecked spleen parallels 
closely that for malignant sclerosis ; 66.6 per cent of the fonner and 75 
per cent of the latter occurred before the sixth decade of life, whereas, 
71 per cent of the cases of benign sclerosis occurred in the sixth, seventh 
and eighth decades. 

REPORT OF A CASE 

History and Course. — woman, aged 45, entered the Colorado General Hos- 
pital on Feb. 24, 1953, complaining of progressive weakness and the loss of 40 
pounds (18.1 Kg.) in two months. In December, 1932, she contracted a cold which 
confined her to bed. Since the onset of the cold she had had nocturia and pain m 
the region of the kidneys. Swelling of the feet and ankles occurred on standing. 
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The fundi oculi showed star-shaped exudate about the maculae, papilledema and 
hemorrhage. The heart was enlarged. The blood pressure was 232 systolic and 
128 diastolic. The blood chemistry on Feb. 27, 1933, showed: nonprotein nitrogen, 
192 mg.; urea nitrogen, 152 mg., and creatinine, 12 mg. On March 29, the non- 
protein nitrogen was 324 mg., and the urea nitrogen, 256 mg. Hemoglobin was 
50 per cent (Dare) ; the red blood cell count was 2,410,000, and the white cell 
count, 17,000. Urinalysis showed: specific gravity, 1.010; albumin, 3 plus, and 
many granular casts and Avhite blood cells. The phenolsulphonphthalein test 
showed no dye recovered. The Wassermann test was negative. 

Ulcerative stomatitis developed and the patient died on March 30, 1933. 

Necropsy . — The anatomic diagnosis was: arteriosclerosis and arteriolonecrosis 
of the kidneys ; bronchopneumonia ; hypertrophy of the heart, especially of the 
left ventricle; arteriolonecrosis of the heart, suprarenals, pancreas and spleen; 
serofibrinous pericarditis; ulcerative stomatitis; multiple necroses of the spleen; 
interstitial fibrosis of the pancreas; generalized atherosclerosis. 

The body was poorh’ nourished; the weight was 90 pounds (40.8 Kg.), and 
the length, 164 cm. There were areas of ulceration of the buccal and gingival 
mucous membrane. The heart weighed 595 Gm. There were moderate dilatation 
and hypertrophy of the right ventricle and marked hypertrophy of the left ventricle. 
There was a serofibrinous exudate in the pericardial sac. The proximal portion 
of the anterior descending branch of the left coronaiy^ arterj' showed marked 
atheromatous deposits and calcification, causing marked reduction in the size of 
the lumen. The aorta showed a marked degree of atherosclerosis, especially in the 
lower abdominal portion. The lower lobes of both lungs showed bronchopneumonic 
consolidation. 

The spleen weighed 40 Gm. The capsule showed a moderate degree of hyaline 
thickening. The surface was roughly nodular. The splenic artery was rigid and 
tortuous. Its lumen was widely patent. No changes were noted in the splenic 
vein. The cut surface of the spleen showed many firm, light yellow areas, which 
stood out in marked contrast to the dark brown-red pulp. The^- rvere located, for 
the most part, near the capsule, the central portion of the spleen being compara- 
tively free. A few of these areas were roughly wedge-shaped : others were irregu- 
lar, with pointed processes, and a few were small and circular. Thej' varied in 
diameter from about 2 mm. to 1.5 cm. The larger areas were often connected 
by narrow bands of light yellow tissue. A zone of hyperemia was noted about 
some of the larger nodules. The rest of the spleen was firm. Tire trabeculae 
appeared increased in thickness. 

Both kidneys were shrunken; the left weighed 80 Gm., and the right, 75 Gm. 
The capsule was firml}^ adherent to the cortex in places. The surface was finely 
granular. A few deep depressions were present. There were many small cysts 
near the surface. The cortex was pale gray-brown. It was markedly reduced in 
thickness. The renal arteries were rigid and thick-walled. 

liHcroscopic Examination. — Spleen : (a) Appearance of the Non-Necrotic Tis- 

sue. The trabeculae and the capsule were markedly thickened. The elastic fibers 
were increased in number and thickness, especially in the trabeculae. The outer 
portion of the capsule contained few elastic fibers but an abundance of thick 
collagenous fibers. In places there were small foci of lymphocr-tes among the 
collagenous fibers of the capsule and beneath the serous surface. The lymphoid 
tissue about the central arteries was somewhat diminished in amount. Secondarj- 
follicles were absent. The lymphocytes were well preserved and showed no 
evidence of degeneration. The reticulum of the white pulp appeared thicker and 
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more compact than normally. The reticular fibers of the red pulp were much 
coarser and denser than normall}^ Large numbers of macrophages loaded with 
hemosiderin were present in the pulp cords and in the sinuses. These cells were 
irregular in distribution, being closely packed in some areas and few in number 
in other areas. They bore no relation to the areas of necrosis. In places the venous 
sinuses were widely patent and distended with red blood cells. In other areas 
they were small and bloodless. 



Fig. 1. — A low power photomicrograph through several necrotic foci in the 
spleen, showing (a) the central zone of necrosis, (6) the intermediate zone and (c) 
the peripheral zone of hyperemia. Marked arteriosclerotic thickening of the large 
vessels of the trabeculae is also shown. 

(1;) Areas of Necrosis. The size and structure of these areas varied consid- 
erably. The larger necrotic masses usually showed three fairly well defined zones 
(fig. 1). Centrall}'-, and occasional!}" eccentricall}", there was a well defined zone 
consisting of a densely packed mass of degenerated nuclei showing many stages of 
pyknosis and karyorrhexis. Many of these cells had lobulated nuclei and resembled 
polymorphonuclear leukoc}'tes. The oxidase stain showed that this zone was 
loaded with blue-staining granules arranged in irregular small clusters and scat- 
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tered globules, some of which were from 2 to 3 microns in diameter. This granular 
mass was embedded in a coarsely reticulated structure which stained light blue with 
hematoxylin-eosin, light red with Mallory’s aniline blue and pale yellow with 
van Gieson’s stain. With Foot’s modification of Hortega’s silver carbonate method 
for reticulum a few scattered reticular fibers were found, which were fragmented 
and thickened and stained poorly. At the periphery of this zone, the necrotic 
elements were grouped close together and contained clumps of amorphous debris 
which took a deep red-violet stain with hematoxylin-eosin. Peripheral to this zone 
there was a rather distinct area of necrosis which varied in thickness. It con- 
sisted, for the most part, of a homogeneous mass of necrotic tissue staining less 
heavily than the central zone and containing fewer and more scattered fragments 
of nuclei. Included in this mass were fragments of trabeculae, blood vessels and 
lymph follicles, the outlines of which were fairly distinct. With aniline blue a 
framework of thick, pale blue-staining fibers could be made out. With scarlet red, 
there was an abundance of fat in the form of small isolated droplets and small 
clusters of droplets of irregular size. Fat was much more abundant in this zone than 
in the central zone. The third, or peripheral, zone was an area of hyperemia which 
merged gradually into the intermediate zone. The inner portion contained maiw 
polymorphonuclear cells and large macrophages loaded with cellular debris. There 
was no evidence of connective tissue proliferation. With a stain for hemosiderin 
a few isolated granules were seen in the central and intermediate zones, and maiw 
coarse clusters in the peripheral zone. The oxidase stain (Schultze) showed fewer 
and more scattered granules in the intermediate zone than in the central zone. 
The peripheral zone contained numerous cells giving the oxidase reaction. Some 
of the larger areas of necrosis were composed of conglomerate clusters of smaller 
areas, since some of them showed two or more central zones. 

In addition to these areas of necrosis, there were many small necrotic areas 
which did not show the three zones described. Some areas showed a structure 
similar to that of the central zone surrounded bj' an area of hyperemia. Other 
areas showed early necrosis of the parenchyma, with a diffuse infiltration of poly- 
morphonuclear leukocytes. Small foci of early necrosis of the parenchyma show- 
ing little or no cellular reaction were present. These areas bore no relation to the 
trabeculae or to the lymphoid elements. 

(c) Changes in the Arteries. The small central arteries of the white pulp 
showed striking changes, especially near the areas of necrosis. Replacing the 
mtima and a large portion of the media, there was a dense layer of a homogeneous 
substance staining a light pink-lavender with hematox}din-eosin. This amorphous 
material was sometimes arranged in the form of irregular wavy bands which 
were roughly parallel to the wall of the vessel. In many of these vessels the endo- 
thelium was lacking and the lumen was completely filled by a hyaline substance, 
embedded in which there were occasional deformed nuclei and red blood cells 
(fig. 2). With van Gieson’s stain, this hyaline material was light 3 ’ellow with 
orange streaks, and with Mallory’s aniline blue, a homogeneous dark cloudy blue. 
Weigerts stain for fibrin failed to reveal a positive color reaction. With the 
elastic tissue stain, the inner elastic membrane appeared to be embedded in the 
lyaline substance, stained poorly and in many places was split into two or more 
indefinite laj^ers. Many of the fibers were discontinuous and fragmented. 

The precapillary arteries of the red pulp occasionally showed changes which 
were similar to those of the arteries in the white pulp. Many of these vessels were 
converted into a hyaline mass containing nuclear fragments. This h}Mine material 

23. Foot, N. C., and Menard, M. C.: Arch. Path. 4:211, 1927. 
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occluded the lumens of many of the arteries. However, these changes were not as 
widespread or as marked as the changes in the arteries of the follicles. 

The large central arteries of the lymphoid sheath and the small arteries of the 
trabeculae also showed striking changes. Hyaline material similar to that seen in 
the smaller vessels was present in many of these arteries, involving the intima and 
the inner portion of the media and frequently occluding the lumen. Occasionally 
red blood cells and leukocytes were seen in the outer layers of these vessels. In 
addition to these changes, the arteries of the trabeculae showed a marked degree of 
atherosclerosis. There was marked connective tissue proliferation, causing marked 
diminution in the diameter of the lumen in many of the arteries. The inner elastic 
membrane was frequentlj’’ thickened, and often it showed two or more layers 
Heavy deposits of calcium were present in the intima and frequently in the media 



Fig. 2. — Necrosis of the inner wall of two small arteries {A and B) and one 
large artery (C) of the lymphoid follicle of the spleen. The lumens of these 
arteries are completely filled with a hyaline substance. 


At times the calcium formed a complete thick ring in the wall of the artery. 
Calcification of the internal elastic membrane was seen. Some of the thickened, 
calcified vessels showed marked necrosis of the intima and media, with extravasa- 
tion of blood between the necrotic layers and infiltration of polymorphonuclear 
cells. In the lumens of these vessels there were clumps of coarse granules which 
stained dark violet with hematoxjdin-eosin and black with von Kossa’s stain for 
calcium. In places, as the result of partial destruction of the inner wall of the 
vessels, the granular deposit in the lumen was continuous with the calcium deposits 
111 the intima and media (fig. 3). About these granules were necrotic cells con- 
taining droplets of fat and red blood cells. A few of the vessels of the trabeculae 
showed partially organized thrombi occluding the lumen. With scarlet red, fat was 
abundant in the intima of the trabecular arteries which showed connective tissue 
hyperplasia of the intima. In many of the necrotic vessels of the follicles, small 
droplets of fat were seen in the amorphous hyaline material described. 
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In a few of the small veins, the lumen was partially closed by platelet thrombi. 
Most of the veins, however, appeared normal. 

Kidneys : Many of the glomeruli were enlarged. Occasionally there was fusion 
of one or more tufts with the Bowman capsule. In some of the glomeruli, there 
was marked swelling as well as an increase in the number of endothelial cells and 
a moderate increase in polymorphonuclear leukocytes in the lumens of the capil- 
laries. There was no evidence of crescent formation. With the azan-carmine 
aniline blue stain the basement membrane of the glomerular tufts appeared thick- 
ened and tortuous. Many of the loops contained intracapillarj^ fibrils which formed 
a distinct network. In places, the capillaries were filled with a dense blue-staining 





Fig. 3 . — A trabecular artery, showing necrosis of the inner wall with extra:va- 
sation of red blood cells and infiltration of leukocytes. There is desquamation of 
the necrotic tissue and calcium into the lumen of the vessel. 


fibrillar material which completely occluded the lumen and was fused with the 
capillary basement membrane. Some of the glomeruli showed a moderately thick- 
ened capsular basement membrane. Some of the glomeruli showed necrosis of the 
tufts, and a few were converted into an amorphous granular mass containing 
necrotic nuclear fragments. Hyaline droplets were noted in many of the swollen 
endothelial cells. A large percentage of the glomeruli showed varj-ing degrees of 
hyalinization. 

The interlobular arteries showed marked thickening of the intima, owing to an 
increase in thickness and duplication of the internal elastic membrane and to con- 
nective tissue hyperplasia. There was a marked subintimal deposit of h 3 'alin in 
the afferent arterioles, causing a marked diminution in the size of the lumen. 
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Other arterioles showed changes similar to those in the small arteries of the spleen, 
name^r, marked necrosis of the walls with the formation of a hyaline material 
which frequently occluded the lumen. Embedded in the hyaline substance were 
fragmented nuclei. Scarlet red showed numerous fat droplets in the hyaline masses. 
There was no evidence of periarteritis or endarteritis. The tubules showed marked 
degenerative changes. Many of them contained large plugs of leukocytes. The 
cytoplasm of the convoluted tubules contained many hyaline droplets. Atrophy of 
the parenchyma was marked, with replacement by connective tissue containing 
many lymphocytes. 

Pancreas : Many of the small arteries of the pancreas showed changes similar 
to those seen in the follicular arteries of the spleen. However, the lesions were 
not as severe or as extensive. There were occasional medium-sized arteries which 
showed marked atherosclerosis and degenerative changes similar to those seen in 
the spleen. A moderate degree of interstitial fibrosis was present. 

Heart : There was replacement of areas of muscle bundles with hyalinized 
connective tissue. In the adventitia of many of the small arteries there was infil- 
tration with polymorphonuclear cells and a few lymphocytes and plasma cells. An 
occasional small artery showed necrosis and hyalinization with occlusion of the 
lumen similar to the change seen in the spleen and kidne3's. 

Other Organs ; In the capsule of the suprarenal glands, small arteries contain- 
ing a thick hyaline band beneath the intima were occasionally seen. No changes 
were observed in the small vessels of the brain. Section through the lower lobes 
of the lungs showed early lobular pneumonia. The vessels of the lungs appeared 
normal. 

COMMENT 

The renal changes in this case correspond to the second type of Bell’s 
classification, i. e., chronic essential hypertension terminating in acute 
uremia. Because of the marked cardiac h3q3ertrophy and renal atroph}% 
it is justifiable to conclude that the hypertension had existed for a long 
time. The disease tvas not clinically manifest until about two months 
before death, following an acute infection of the upper respiratory 
tract. Symptoms of ' uremia and of albuminuric retinitis rapidly 
developed, and the patient died in uremic coma. The outstanding renal 
changes, in addition to the long-standing atherosclerosis, was marked 
necrosis of the vasa afferentia. Axteriolitis such as Fahr observed 
in malignant h 3 ^pertension was absent. The inflammatory lesions in the 
glomeruli were not diffuse but focal and consisted of changes which 
were similar to those seen in glomerulonephritis. Necrosis of the 
glomeruli due to closure of the vasa afferentia was also noted. 

Symptoms referable to involvement of the spleen were lacking. 
Multiple infarct-like areas occupied about one third of the organ. The 
appearance of the spleen was similar to that described in case 2 of 
Feitis.^ The mar-ked irregularity in the shape of the necrotic foci was 
due to the confluence of small areas of necrosis. Because of tliis, the 
microscopic structure of these infarcts was more complex than that due 
to embolic occlusion of large vessels. Moreover, they differed from 
embolic infarctions in that most of the necrotic areas were heavily infil- 
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trated with leukocytes. This difference may be accounted for by the fact 
that in embolic infarction the large areas of anemic necrosis are pro- 
duced by the closure of large arteries, whereas in flecked spleen the 
necrosis is due to the closure of many small arteries. Because of the 
richness of the collateral vascular supply about these small areas of 
infarction in flecked siffeen, the degenerative changes, in all probability, 
proceed slowly and incite a marked response of polj’inorphonuclear 
leukocytes and macrophages. The larger areas, in which three well 
defined zones can be distinguished, were probably caused by occlusion of 
the larger arteries of the trabeculae. The vascular changes were similar 
to those seen in the kidneys, although more extensive. Two t3^pes of 
lesions were observed: (1) marked atherosclerosis of the medium-sized 
and large arteries of the trabeculae, with marked h\'perplasia of the 
intimal elastic fibers and connective tissue hyperplasia, marked fatty 
degeneration and calcification ; (2) necrosis of the trabecular arteries and 
especially of the arteries of the follicles, leading to occlusion of the 
lumens. In the medium-sized trabecular arteries were seen peculiar 
changes. There was marked, necrosis of the walls, with desquamation of 
the inner wall into the lumen of the A-essel. Because of the hea^y cal- 
cium deposit and the atheromatous intimal changes, clumps of this 
material were seen occupying the lumens of many of these vessels. 
Spier -■* described this violet-staining material in the lumens, but he 
claimed that the sul^stance is fatty, since it reacted positively to specific 
stains for fat. However, this material also took von Kossa’s sih'er stain 
for calcium. On staining with scarlet red and counter-staining with 
methylthionine chloride. U. S. P. (methylene blue), an al)undance of fat 
droplets was present in addition to a large amount of calcium which 
stained dark blue. In some of the arteries, the granules of calcium 
were still in direct contact with the heavy calcium deposits in the intima 
and media (fig. 3), indicating their origin from this source. Spier’s 
view, that this material is not a form of thrombus but a product of 
degeneration of the wall of the vessel, was well taken. HoweA^er. con- 
trary to her obsei'A-ations and in accordance Avith those of Feitis, a fcAV 
of the trabecular A’^essels shoAA'ed thrombi AAdiich are partially organized. 

The nature of the material occluding the smaller arteries is difficult 
to detennine. It consisted of a homogeneous, amorphous substance, 
AA^hich stained light pink-violet Avith hematoxylin-eosin and Avhich Avas 
arranged at times in the form of thick, irregular laminae lying parallel 
to the Avails of the A^essel. It stained dark blue Avith Malloiy’s aniline 
blue and pale yelloAv to orange AAuth van Gieson’s stain. Wright’s fibrin 
stain and Mallory’s aniline blue stain failed to shoAv anA' evidence of 
fibrin. The marked similarity of this substance to the subintimal deposits 


24. Spier, B. ; Frankfurt. Ztschr. f. Path. 41:160, 1931. 
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of hyalin commonly seen in these vessels strongl}'^ suggests a similar 
origin. The nature of this hyaline deposit is still not understood. 
Heuck expressed the belief that it consists of coagulated albuminous 
substances. Whether it is in a fluid or a solid state has not been deter- 
mined. It is conceivable that this hyaline substance may swell and accu- 
mulate rapidly in acute forms of hypertension and that following 
necrosis of the endothelial lining it may completely occlude the lumen of 
the vessel. 

Feitis ^ considered three possibilities in an attempt to account foi 
the peculiar necrosis of the spleen : ( 1 ) that the necrosis is due directly 
to occlusion of the smaller and medium-sized arteries ; (2) that the 
changes are due to a combination of two factors, a toxic injury to the 
parenchyma and partial or complete occlusion of the arteries, and (3) 
that the lesion is due to toxic injuiy of the parenchyma, the vascular 
changes being secondar}'’. He concluded that the first theory is the most 
plausible. 

It is evident that in the case reported here the lesions in the arterioles 
and the larger arteries were entirely independent of the parenchymal 
injury since similar changes are noted in the pancreas, heart and kidneys. 
Material found in the follicular arteries and the larger arteries of the tra- 
beculae can hardly be considered as derived from the necrotic parenchyma, 
since the two substances are morphologically'^ different. The substance fill- 
ing these arteries appeared to be derived from the walls of the vessels 
except in a few arteries of the trabeculae which contained thrombi. 
Although a toxic condition is associated in cases of flecked spleen, it 
is doubtful that this factor plays a direct part in the production of the 
infarct-like areas of necrosis of the spleen, as necrosis of this ty'pe is 
not seen in pronounced uremia of essential hypertension without marked 
lesions of the small splenic vessels. 

It is difficult to account for the rarity of flecked spleen. Whereas it 
has been shown that the condition occurs in by'- far the majority of cases 
in association with essential hypertension terminating in uremia, the 
association of the two conditions is rare. Klemperer and Otani found 
but one instance in eighteen cases of malignant nephrosclerosis. Bell and 
Clawson found no example in thirty-six cases of essential hyperten- 
sion associated with uremia. On the other hand, the vessels of the spleen 
frequently show changes in generalized atherosclerosis and hypertension 
(Fishberg,-® Spier and others). It was shown by Herxheimer,-^ in 
a study of the spleens of 1,140 normal persons, that hy^aline degenera- 
tion of the small vessels occurs as early as the age of 10 years and 

25. Heuck, W. : Miinchen. med. Wchnschr. 67:535, 1920. 

26. Fishberg, A. M. : Arch. Int. Med. 35:650, 1925. 

27. Herxheimer, G.: Berk klin. Wchnschr. 54:82, 1917. 
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increases during life. Obvious!}’ marked narrowing of the small arteries 
under normal conditions and in most cases of arteriolosclerosis does not 
produce necrosis of the parenchyma. The rich A’ascular supply of the 
pulp evidently compensates for the marked restriction in size of the 
peripheral arterial circulation in the majority of cases. It is only in rare 
instances in which there is extensive occlusion of the small arteries that 
the lesions of flecked spleen occur. 

SUMMARY 

Flecked spleen of Feitis is an extremely rare condition characterized 
h}^ nonembolic multiple areas of anemic necrosis. 

The necrosis is due to occlusion of the splenic arteries of small and 
medium size. On the basis of the nature of the vascular lesion, three 
types of flecked spleen are recognized: (1) arteriosclei’otic, (2) arteritic 
and (3) thrombotic. The arteriosclerotic form is the most common, 
comprising all hut three of the twenty-one cases of flecked spleen 
described in the literature. 

The arteriosclerotic form of flecked spleen is associated with renal 
lesions of hypertension, which in most cases produce death from uremia. 
The thrombotic form, described in a report of a case of eclampsia, is 
associated with multiple necroses of the kidney. The arteritic type is 
described in association with two cases of glomerulonej^hritis. 

Flecked spleen should be difl'erentiated from multiple necroses of 
the malpighian corpuscles associated with acute infectious diseases, as 
the pathologic changes and pathogenesis in the two conditions are dis- 
similar. 

A case of flecked spleen is described in which the anatomic and 
histologic changes were similar to those reported by Feitis. The kidneys 
show the lesions of an advanced stage of arteriosclerosis accompanied 
by arteriolonecrosis. 



STRUCTURAL CHANGES IN THE GRANULAR LAYER 

OF THE CEREBELLUM 


E. Y. WILLIAMS, M.D. 

KF.W YORK 

The purpose of this study was to determine if, among the various 
pathologic lesions of the cerebellum already described, there could 
be added another condition which has Ijeen recorded under the ter- 
minology of “conglutination of the granular layer,” and if other patho- 
logic changes of the same layer could be found. 

Conglutination consists of a clumping of numerous cells of the 
granular layer which lose their individuality and form irregular and 
solid masses of elements undei'going a more or less advanced degenera- 
tion. Such pathologic changes, which have already been described by 
Ferraro and Morrison ^ in various experimental conditions, have been 
investigated in the course of this study in animals and in various human 
pathologic conditions. 

For practical purposes the cortex of the cerebellum may be divided 
into ; ( 1 ) the outer layer or molecular layer which contains few medul- 
lated fibers and few nerve cells; (2) the nuclear layer, better known as 
the granular layer; (3) the layer of Purkinje cells, formed by flask- 
shaped elements situated between these two other layers. 

The granular layer is formed by nuclei of cells rather closely packed 
together, with here and there clear spaces between them, and forming 
what is known to some authors as islands or glomeruli of the cerebel- 
lum. Scattered thi'oughout are larger cells known as Golgi cells. Hence 
the two chief cells of this layer are granular cells and Golgi cells. 

The granular cells are kar}'ochrome in tj'pe and are rather small, 
about 0.7 micron in diameter. Their nucleus is rather large and sur- 
rounded by a cytoplasmic ring which is fairly narrow. Each cell has 
from three to six fairly short dendrites which terminate close to the 
cell body in what may be called a limited arborization. Where these 
arborizations meet, there results an apparent empty space known as 
dendritic islands. The axons of the granular cells extend through the 

From the Department of Neuropathology of the New York State Psychiatric 
Institute and Hospital. 

1. Ferraro, A., and Morrison, R. : Psychiat. Quart. 3:506, 1928. 
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superficial, deep and intermediate levels of the molecular layer, from all 
of which positions they give rise to the typical T-shaped and at times 
Y-shaped branches. They are without myelin sheaths. The type of 
synaptic union between the a.xons of the granular cells and the dendrites 
of the Purkinje cells is the cruciform variety and thus brings about 
extensive Purkinje synaptic connections. 

Three varieties of stellate cells of Golgi are recognized in the granu- 
lar layer, the most important being the stellate corpuscles. 

In the embr}-onal development of the cerebellum in man as well as in 
animals there is besides this granular layer the external granular layer 
which is to be found external to the molecular layer. The cells of 
this external molecular layer are known as the cells of Obersteiner. 
They gradually disappear, and in man two years after birth the}'' are 
no longer present. 

In animals, more particularly in cats, this external layer of granules 
which is pronounced immediately after birth gradually disappears, and 
in cats 6 weeks old the layer is practically absent. 

Three kittens and two adult cats were examined for purposes of 
control, and while the new-born animals showed a considerable number 
of cells in the external granular layer, the animal 5 weeks old showed 
a marked decrease in the number of cells and width of the layer. The 
external granular layer in the new-born cat is apparently formed by 
cells running in two directions : in the outer layer the cells form rows 
which are perpendicular to the inner layer, the course of which is 
parallel to the external surface of the molecular layer (fig. 1). 

Though even in normal conditions the cells of the internal granular 
la 3 -er have a tendency to form glomeruli as already mentioned (fig. 2), 
there is no evidence of an}' abnormal clumping, fusion or conglutina- 
tion of the elements, comparable with the pathologic picture in 
“conglutination." 

It must be mentioned, however, that another adult animal that was 
used for control disclosed a slight amount of conglutination, which 
fact led me to the belief that in this particular case a pathologic process 
of unknown nature must have been active in the animal and caused 
pathologic changes in the granular layer. That such must be the case 
is also indicated by the fact that in a large series of other animals, 
though they were in a pathologic condition, conglutination was entirely 
alisent. 

In order to establish if postmortem changes could determine the 
occurrence of conglutination in the granular cells of the cerebellum. 




Fig. 1. — Presence of an external granular layer in a new-born cat. Note 
the existence of two rows of cells perpendicular to each other. Nissl stain. 



Fig. 2. — Normal appearance of granular layer in an adult cat. Note the 
tendency of formation of cerebellar glomeruli in which, however, each cell main- 
tains its own individuality. Nissl stain. 
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partial removal of the cerebellum was done immediately after the death 
of a cat, twenty-four and thirty-six hours following death. The purpose 
was to see if the time between death and fixation would have any influ- 
ence in establishing conglutination. It was found that none of the 
specimens showed any conglutination. 

EXPERIMENTAL WORK 

In investigating the reaction of the granular layer to various patho- 
logic conditions, twelve cats were subjected to experimental lead poison- 
ing (table 1). In the first group of animals lead carbonate was 
administered orally ; in the second group lead was given intravenously 


Table 1. — Experimental Lead Poisoning 




Total Weight 


Days 

Group 

Cats 

Drugs, 

Gin. 

Mode of Administration 

Single 

Dosage 

Before 

Death 

1 

1 

57.0 1 


0.74 Gm. 

76 

1 

2 

44.0 1 

Lead carbonate orally, daily 

0.71 Gin. 

62 

1 

o 

o 

49.0 J 

0.84 Gm. 

5S 

2 

13 

9.0 1 

1 Intravenously, 15 cc. of 1 % solution 

1.5 cc. 

03 

2 

12 

17.0 i 

1 lead acetate and orally as lead 

1.5 Gm. 

21 

o 

5 

0.00 1 

carbonate 

20 cc. of 1% sol. 

3 

<> 

o 

c 

0.40 1 

Acetate of lead, intravenously and 

10 cc. 

4 

o 

7 

0.2-2 J 

daily 

2 cc. 

11 

4 

8 

0.13 

1 

5 cc. 

3 

4 

9 

0.15 1 

1 Acetate of lead, 1% solution, intrn- 

3 ec. 

n 

4 

11 

0.20 1 

r venous!}' 

2 cc. 

10 

4 

1-2 

0.20 ] 

1 

10 cc. 

o 


as lead acetate, and by mouth as lead carbonate ; in the third group lead 
acetate exclusively was given intravenously. The animals in these groups 
were allowed to die from the effect of the poisoning, whereas in the 
next group, in which lead acetate was also used intravenously, the 
animals were killed after fixed periods of time in order to study 
the early stage of reaction. 

As a result of the study of these twelve cats, I reached the con- 
clusion that in the long-standing cases, particularly in the three animals 
of the first group, conglutination was present, but the main pathologic 
change was the rarefaction of the granular layer. As a matter of fact, 
the nmnber of cells present in this layer was considerably less than 
normal. This disappearance of cells, as represented in figure 3, seems 
to be parallel with the disappearance of cells of the Purkinje layer 
which also suffer considerable loss from lead poisoning. In the cases 
of group 2 conglutination was present in the two animals, and a slight' 
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Fig. 3. — Rarefaction of the granular cells resulting in a widespread distribu- 
tion of the remaining elements. Nissl stain 



Fig. 4— ]\Iarked conglutination of the granular cells in indole and histamine 
poisoning. Nissl stain. 
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rarefaction was also noticeable. In group 3, the third animal, cat 7. 
showed slight conglutination associated with a slight loss of granular 
cells. In the fourth group conglutination was evident, particularly in 
cat 8. 

Altogether, it seems that the more acute the lesion and the larger 
the amount of lead the more conglutination is evident, whereas the 
longer the animal survives the more the destruction of granular cells 

Table 2. — E.vl’crimeitts zvilh Indole, Hisfamine, Potassium Cyanide Poisoning 



Weight 

Total 

. 


Days 


in 

Amount 

Mode of 

Single 

Before 

Cats 

Kg. 

Given 

Administration 

Dosage 

Death 

3 

3.25 

0.5 Gm. indole 

) Hypodermically in olive oil 

1 (3 injections of 100 mg. each 

0.25 Gm. 

2 

c 

S.6 

11.25 Gm. indole 

j and 73 injections of 150 mg. 
each) 


96 

2 

rt 

O 

1 Gm. indole 

Hypodermically in olive oil 

0.5 Gm. 

2 

E 

O.O 

2.6 Gm. indole 

0.7 Gm. histamine 

Hypodermically in olive oil 

100 mg. 

25 mg. 

41 

D 

s 

1.2 Gm. indole 

0.3 Gm. histamine 

Hypodermically in olive oil 

100 mg. 

25 mg. 

12 

S 

4.4 

6.G Gm. indole 

2.6 Gm. histamine 

Hypodermically in olive oil 

100 mg. 

40 mg. 

92 

c 

3.2 

13 Gm. histamine 

Hypodermically 

Increasing 
from 5 to 

SO mg. 

S2 

9 


1.0 Gm. indole Hypodermically 

10 mg. potassium cyanide 

150 mg. 

0.5 mg. in 
increasing 
doses to 

2.5 mg. 

13 

9 

4.2 

COO mg. indole Hypodermically 

7 mg. potassium cyanide 

100 mg. 

2.5 mg. 

6 

Dinky 


516 mg. potassium cyanide Hypodennically 

2.3 mg. in 
increasing 
doses to 

2S mg. 

O < 


takes place, thus upholding the conception that the cells uiadergoing 
conglutination later degenerate and disapj^ear. the process resulting in 
a scarcity of the granular element. 

The next group consists of eleven cats poisoned with histamine, 
indole, potassium cvanide or a combination of anv two of these drugs 
(table 2). ' 

Among the cats poisoned with indole a certain amount of conglu- 
(tination was found in the granular layers, particularly in cat 3. In the 
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-Rarefaction of the granular cells in a case of potassium cjanide 
Nissl stain. 



Fig. 6. — Conglutination of the granular lajer in a case of 
poisoning. Nissl stain. 
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group poisoned with indole and histamine, the conglutination was much 
more pronounced, particularly in cat D (fig. 4). In cat C, which 
received 13 Gm. of histamine subcutaneously, there was an evident con- 
glutination associated with loss of gi'anular cells. In the group in which 
indole and potassium cyanide are used conglutination and disappearance 
of cells were found. In the cat. Dinky, which received 516 mg. of 
potassium cyanide, conglutination was not present in any noticeable 
amount, but there was considerable loss of cells in the granular layer 

(fig. 5). 

Another experimental group included two cats, L and M, which 
died from provoked inanition. Cat L, which died on the forty-first day, 
was allowed to drink water during the experiment. This animal did 
not show conglutination, whereas cat M, which died on the fifty-second 
day of the experiment and which was not allowed to have an)'- water, 
showed a certain amount of conglutination of the granular cells. 

Rabbits were also studied under experimental conditions of repeated 
illuminating gas poisoning and of repeated intravenous injections of 
hypotonic solution. 

Of the first group, five animals were examined after various periods 
of gassing through a glass chamber in which the animals were placed 
and into which two tubes carried illuminating gas and oxygen, respec- 
tively. In these five animals there were evident traces of conglutination. 
In the most advanced cases there was also a destruction of granular 
cells. Figure 6 illustrates conglutination in an animal which had been 
gassed eight times in thirty-five days. It can be seen that while some 
of the elements are fused together, others are in a more or less advanced 
state of degeneration. 

Seven rabbits were treated with intravenous injections of h)'^potonic 
solution. They received various and repeated amounts of the hypotonic 
solution, from 35 cc. of distilled water to 950 cc. The number of injec- 
tions varied from one in the rabbit which received 35 cc. to twelve in 
the rabbit which received 950 cc. The injections were given under 
sterile precautions in the auricular vein at intervals of twenty-four 
hours. The animals were killed after the last injection. In this series 
no conglutination was found. Conversel}-, there was a tendency of the 
cells of the granular layer to swell up and acquire a more marked 
individuality than normally. Because of the hydropic condition of the 
single elements, the cells appear to be stained less deeply than normally. 
Small vacuoles were noticeable in some of the cells (fig. 7). 



€ A t v 

■n “-''•* '’ >) xN -j 

- '-'T 

. W ^ /f C /- 

T'*"^ ''"->\r. -5’t- 

. ‘ 5V, .• t.,*nv’-‘‘'-' r} ,-- -. 

' *A ■ ' T , 


> <C -v 

A‘V A- 




<0'-’ ■ 
M.V.. a I 

j' --, - ^'• 


.. . , '•' c-" 

' if® *Z^ ^ ^ ^ 

,,f.'‘5v, C" . ;.Hi 

.'? r " .-"5i 

'’'V'* <*’ V o "t 

> *:^ "JV f- 


:r. : .t V . c ’{rz ." 

. ^^ ’ ' „ 4^W<. “^i ' "^' fi ‘ 

4^:;>*'* 4‘-,'-^-*’; " -h 

Vl'"‘.^5'' {..1 y^-'"' -/*,-r '■ 


-iv ci^’i ' 5§'’'‘'“^V?-i; 0 '"' 


Fig. 7. — Swelling and vacuolation of the granular cells of the cerebellum 
following intravenous injection of h 3 potonic solution in rabbits. Hematoxylin and 
eosin stain. 
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HUMAX ilATERIAL 

Normal Control . — In order to study the distribution of these granular 
cells in normal persons, three cases of sudden accidental death were 
studied. Conglutination was not found. 

Pathologic Material . — In the following cases the histologic changes 
in the granular layer were studied: dementia praecox, four cases; 
dementia paralytica. fiA'e; cerebral syphilis, four ; Huntington's chorea, 
three; Scliilder’s disease, two; various types of acute meningitis, five; 
electrocution, two; epidemic encephalitis, two. 

In the cases of dementia praecox there was no conglutination except 
that in one case there were indications of conglutination in a few areas. 

In dementia paralytica the results were not constant ; in some 
instances conglutination was absent, and in other instances present and 
even marked. Figure 8 shows definite conglutination, though some of 
the cells that come together still have preserved their individualit}'. 

In cerebral syphilis no conglutination was present as a rule but 
rather a rarefaction of the cellular elements. 

In epidemic encephalitis conglutination was present in one of the 
two cases but not uniformly or in severe degree. 

In the two cases of Fluntington's chorea loss of granular cells was 
found but no conglutination. 

In the two cases of Schilder’s disease there was no conglutination, 
hut a definite loss of granular cells in association with a considei-able 
amount of gliosis which was evident in the intercellular spaces, thus 
making the loss of cells more disceniible (fig. 9). 

In the group of septic meningitis all the cases showed more or less 
well marked conglutination. 

In the two cases of death from electrocution no conglutination was 
found, but conversely a certain amount of swelling in the individual 
cells which appear more distinct though poorly stained. The condition 
resembles somewhat the condition described following the injection of 
hypotonic solution in rabbits (fig. 10). 


SUMMARY 

In addition to pathologic changes of the other layers of the cerebel- 
lum. a particular t\-pe of structural change has been found to be quite 
common in the granular layer of the cerebellum. 

The granular cells of the cerebellum may collect or fuse into smaller 
and larger clumps in which the individual cells lose their outline and 
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Fig. 9. — Rarefaction of the granular cells and intercellular gliosis in a case 
of Schilder’s disease (diffuse sclerosis). Hematoxylin and eosin stain. 
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Fig. 10.— Swelling of the cells of the granular layer in a case of electrocution. 
Hematoxylin and eosin stain. 
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gradually undergo degeneration. Such a condition has been termed by 
Ferraro and [Morrison conglutination of the granular cells. 

Conglutination of the granular cells is not a specific process, but 
occurs under a varieU’ of pathologic conditions. It is found in acute 
as -well as in chronic processes, but seems to be more pronounced in 
toxic and infectious conditions. 

Besides the process of conglutination other changes are described; 

1. Rarefaction of the granular cells, a condition wliich might be 
the result of a previous conglutination. The rarefaction of the granular 
cells can, however, be independent of conglutination. 

2. A process of acute swelling of tlie granular cells in which the 
single elements appear swollen, at times vacuolated, witli a tendencv to 
become more distinct and. apparently because of the hydropic condition, 
to stain poorh'. Tliis dropsical condition has been found following the 
injection of hypotonic solution in rabbits and in two cases of elec- 
trocution. 

3. Rarefaction of the granular cells associated with interstitial gliosis 
was found in two cases of Schilder's disease. 



General Review 


SIGNIFICANCE OF SULPHYDRYL AS A GROWTH 

FACTOR 

WILHELM C. HUEPER, M.D. 

PHILADELPHIA 

Since the demonstration of glutathione in living material by Hopkins 
in 1921 numerous workers have studied the role which glutathione and 
sulphydr 3 d compounds in general pla}" in the activities of cells. Among 
the claims made in this respect, those connecting sulph)'dryl ( — SH) 
with the multiplication or with the destruction of cells are especiall}’^ 
interesting from the standpoint of research on cancer. The evidence 
brought forward by the various investigators is, however, often incon- 
sistent with well established facts in regard to conditions controlling 
cell proliferation, and the conclusions drawn by them concerning the 
significance of sulphydryl for this process are contradictory. A review 
and a critical analysis of the experimental work on this subject seem, 
therefore, to be indicated. It is hoped that a study of the evidence 
presented and a testing of the validity of the conclusions reached may 
clarify the situation. 

SULPHYDRYL COMPOUNDS AS ESSENTIAL NUTRITIVE SUBSTANCES 

It has been known for some time that cystine, the oxidized form 
(S = S) of the sulphydryl-containing amino-acid cysteine belongs to 
that restricted group of amino-acids which are indispensable for normal 
growth and development of the animal organism and for synthesis of 
its proteins. Animals kept on a diet deficient in C 3 ’stine show lowered 
vitalit 3 ’, greatl 3 '^ retarded growth and defective formation of hair as 
well as a drop in the glutathione content of the organism (Lightbody 
and Lewis; Mitchell and Hamilton; Marenzi and Laclau). Gudernatsch 
and Hoffman showed that the growth of tadpoles kept in a medium 
containing amino-acids as the sole supply of nitrogen is stimulated by 
cystine. 

Baker demonstrated that the growth of sarcomatous fibroblasts 
explanted into an artificial, nutritionally deficient medium was markedly 
stimulated by the addition to the medium of glutathione in combination 
with liver ash and hemoglobin. This action on cell growth became 
apparent, however, only when the cells were grown in a medium deficient 
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in the proper food material. If fibroblasts were explanted in a medium 
composed of equal parts of chicken plasma and enibr\-o extract diluted 
witli Tyrode’s solution in the proportion 1:25, a moderate growth 
resulted, wliich could be appreciably increased if glutatliione was added 
to the medium in amounts equivalent to the amounts present in embryo 
extract diluted with Tyrode's solution in the proportion 1 : 4 (Hueper 
and RusseU). 

The great prominence which sulplmdiyl compounds (cysteine, 
reduced glutathione, tliioneine and possiblx- also tliiolactic acid and tliio- 
glycoliic acid, besides the tliioproteins) have obtained in recent j-ears 
is, however, due not to their nutritive value but to tlieir possible impor- 
tance as cellular catalysts which control and regulate, directly or indi- 
rectly, vital processes of the cells, including especially cell multiplication 
and cell destruction by proteolysis. 

SULPHyDRYL AXD XORM.\L GROWTH 

Among the authors who have stated that the sulphydiyl group is 
essential for cell multiplication and acts as a stimulus to tliis process. 
Hammett has made the most far-reaching claims, and his work may 
therefore sen-e as the basis of the present discussion. From the results 
of his numerous experiments with plant and animal material, working 
with minute amounts of sulphur compounds, he concluded that sul- 
phydrA’l, as tlie substance occurring naturalh* in the cell, is die essential 
and universal stimulus to growtli by increase in tlie number of cells, 
and that the reaction-product derivatives of sulphydiyl are tlie natural 
inhibitors of this process, so that the stimulation by sulphvdryl is 
normally limited bi' the inhibitory action of the suboxidized sulphur 
forms of sulphydnl ( — SO; — SO^; — SO,) resulting from the normal 
oxidation of sulphydr\*l. Cell proliferation is therefore regulated by 
the intracellular equilibrium of — SH — SO-, according to Hammett 
and Reimann. The countless other factors which apparently have an 
accelerating influence on mitosis exert it, according to Hammett, only 
through their effect on the sulplwdiyl groups rather than directh*. He 
asserted, furthermore, that the acceleration and forcing of cell dirision 
b\' the sulplwdrA'l stimulus in cells witli a normal chromosomal con- 
stitution result secondarily and without direct relation to the action 
of sulphydr}'! in an enhancement of differentiation and organization of 
the cells, which may reach degrees beyond those ordinarilv attained. 
An explanation of the mechanism of the action of sulphydiyl in cell 
dirision was. however, not offered bv Hammett. 

In support of his contentions. Hammett pointed out that sulphvdrvl- 
containing substances are naturalh' concentrated in regions where growth 
by cell proliferation is actively taking place. This obsen-ation is correct 
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so far as it has been shown by various investigators (Lund; White, 
Baumann and Webster; Camp; Binet, Leon and Magrou) that 
sulphydryl-containing substances are accumulated in the young, actively 
growing parts of plants (root tips and apical ends) while they are 
diminished or absent in the mature parts. It has also been noted that 
the breaking of dormancy of potato tubers, gladiolus conns, peas, etc., 
is accompanied by an increase in reducing substances, especially in 
glutathione, in the tissues. The increase in the reducing power of the 
juice of the activated tubers and corms is, however, only one-fourth due 
to glutathione, the rest of the effect being caused by some unknown 
reducing substances, among wbich may possibly be hexuronic acid 
(ascorbinic acid) recently described by Svirbely and Szent-Gyorgyi as 
representing vitamin C in plants and having strong reducing qualities. 

It may, furthermore, be mentioned that various sulphur compounds, 
such as thio-urea; sodium thiocyanate, thiosemicarbaside and thioglycol- 
lic acid, have been found to be especially effective in breaking dormancy. 
But there are numerous other agents, such as ethylene chlorhydrine, 
hydrogen dioxide, hydrogen, nitrogen, acetylene, light and darkness, 
by which dormant tubers can be activated (Guthrie; Firket and Com- 
haire). Guthrie stated that chemicals found effective in breaking dor- 
mancy are (1) those that produce an increase in the pn and hence an 
increase in sulphydryl groups and (2) those that produce only small 
changes in the pH and the reducing power of the juice, such as potassium 
suliDliocyanate and thio-urea. However, according to Firket and Com- 
haire, no relation exists between the intensity of growth and the relative 
amount of glutathione in germinating peas, and the glutathione is not 
localized in any predominant manner in the regions of cell multiplication. 

That there does not exist any definite rule in regard to sulphydryl 
concentration and cell multiplication is also evident from observations 
of Guthrie, Denny and Miller, who found that the treatment of non- 
dormant potato tubers with ethylene chlorhydrine resulted, not in an 
increase, but in a retardation, of the rate of growth in spite of a marked 
increase in the reducing power of the juice, which indicates a con- 
siderable elevation of the sulphydryl content of the treated tubers above 
the normal value. 

Proliferating animal tissue also apparently contains considerable 
amounts of sulphydrjd-containing substances, according to the findings 
of various investigators (Yaoi; Kamiya; Murray; Binet, Leon and 
Magrou; Voegtlin and his associates). Voegtlin and Thompson stated 
that the glutathione content of the body declines with age, dropping to 
about one third of its highest peak in embryonal life, and that this drop 
runs parallel with that of the growth rate. But though chicken embryo 
extract contains large amounts of glutathione paralleling those in the 
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tissues of tlie body (Yaoi),'tIiere is not a gradual decrease in sulphydr}*! 
content conforming with the decrease in the growth rate of tlie embryo 
and tlie increase in differentiation. The glutatliione content rises from 
0.05 mg. per hundred cubic centimeters on tlie fourth day of incubation 
to 0.107 mg. on the twelfth day. declining again to 0.058 mg. on tlie 
tiventieth day. 

The growth-promoting effect of embryo extract cannot well be 
attributed to its content of free sulphydrid-containing substances, or 
the arrest of unrestricted gronth attributed to the accumulation of 
inhibitory- products of the oxidation of sulphydryl in the medium, for 
Hueper and liis co-workers showed that the complete destruction of 
sulphydryl and the resulting production of oxidation substances in 
embryo extract by ultra\-iolet irradiation do not result in a decrease of 
its proliferation-stimulating qualities. iMoreover, the fact that pow- 
dered embryo extract (Borger and Zenker) remains potent for more 
than six months, during which any free sulphydryl is certainly oxidized 
by the oxi’gen of the air into substances of the — SO, — SO^ and — SO 3 
t 3 'pe (according to Hammett) does not support the assumption of tlie 
exclusive role of sulphydryl in ceU diiision. 

The mere fact that a certain substance is accumulated in proliferating 
tissue is, moreover, insufficient proof of its relation to cell multiplica- 
tion. Otlier substances (copper and arginine, for instance) are present 
in increased amounts in tissues of this type. 

The » assumption of Hammett that the sulphydryl content of liver 
tissue and liver extract is the hematopoiesis-stimulating principle appears 
to be insecurely founded in view of the fact that the iron and copper 
present in tliese substances may also be responsible for tlie aforemen- 
tioned action. Y hile Fleming would like to connect the oxidized fonn 
of glutathione with the antianemic qualities of tlie liver extract, Koegel 
showed that glutatliione and other sulphydryl-containing substances 
accelerate the decomposition of blood in vivo on account of the hemo- 
globin-destroying action of sulphydryl. The presence of an antagonism 
betneen sulphydr}'! and the formation of blood is furthermore sug- 
gested by tlie experiments of Gruhzit with synthetic reduced and oxi- 
dized sulphydryl-containing compounds, which when fed to animals 
produced sei-ere hemoh-tic anemia. On the basis of tliese obsen'ations it 
does not seem justified to connect the anemia obserred in advanced 
cases of cancer with a deficiency of sulphydiyl in tlie bone marrow, 
since no proof of the existence of such a condition has been offered. 

Tliis assertion is not supported by the fact that in anemic conditions 
the glutathione content of the individual eiythrocj-tes is increased 
(Gabbe; Y'oodward and Fr}-; V'arela : Nuomarco and Munilla), while 
the absolute amount of glutathione of the blood is decreased. This 
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observation agrees well with the finding of a normal or a low normal 
glutathione content in cancerous blood (Chatain; Varela, Apolo and 
Vilar; Woodward and Fry; Binet and Arnaudet; Ulibarri). The sug- 
gestion of Ulibarri that the low normal values obtained in cancerous 
conditions are caused by an absorption of sulphydryl by the malignant 
tissue does not seem to be justified in the light of evidence to be given 
later. 

The presence of increased amounts of copper in organs and tissues 
rich in glutathione is of special significance, because it has been main- 
tained that copper catalyzes the oxidation of sulphydryl (Locke and 
Main; Elliot; Harrison) and that heavy metals, .such as copper, lead, 
gold and arsenicals, are detoxicated in the organism by sulphydryl com- 
pounds (Voegtlin; Keesex; Labes). This interrelation gains impor- 
tance for the problem, as Voegtlin, Rapkine and Hammett have used 
various heavy metals in their experiments to prove the thesis that 
sulphydryl stimulates or even is essential to cell division. Rapkine, 
using sea-urchins’ eggs, obtained an inhibition of mitosis by the addition 
of mercuric chloride to the culture medium. Voegtlin, adding minute 
amounts of copper to the saline medium containing glutathione in which 
amebas were suspended, also found a decrease in the number of mitoses. 
Lead was used by Hammett in his experiments on root tips and para- 
mecia; small amounts of lead salts added to the culture medium always 
caused inhibition of cell division. Hammett noted, furthermore, that 
no glutathione could be extracted from the root tips after the treatment 
with lead salts. He mentioned that the lead did not interfere with the 
growth in cell size and that extranuclear deposition of lead occurred 
most markedly in the regions where the concentration of glutathione 
was the greatest. 

The determination of the lead content of the organs of animals that 
have received lead treatment does not support the view that lead is 
preferably deposited in the organs containing the highest amount of 
glutathione. Lead is found in largest amounts in bone, and then, in 
order, in muscle, kidney, liver and nerve tissue, while no appreciable 
quantities of lead are deposited in the skin (Aub, Fairhill, Minot and 
Reznikoff). If the organs mentioned were classified according to their 
glutathione content, they would appear almost in reverse order. It is 
known, furthermore, that the binding of the sulphydryl groups in the 
skin by arsenic (Voegtlin) results not in inhibition of growth, but rather 
in stimulation of cell growth, as hyperkeratoses and even carcinoma are 
often seen after prolonged arsenical medication (Hueper and Itami). 

The rather discouraging results obtained with the lead treatment in 
that manifestation of growth par excellence, the cancer, do not point 
to a special affinity of proliferating, sulphydryl-containing tissues for 
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lead. As it has been maintained' b\' Voegtlin that an increased glu- 
tathione content of the tissues protects against the toxic effects of 
hea-vy metals, one would suppose that not the proliferating cells with 
their higher sulphvdrs'l content ( Shearer j Chatton. Lwoff and Rap- 
kine) but the resting cells would be most susceptible to the toxic action 
of hea\y metals. 

Hea^y metals have, doubtless, affinities other than those to the 
sulphvdryl compounds. Eichholtz listed as hea-vy metal complex-formers 
hexophosphoric acid, histidine, lecithin and other lipoids, pyrocatechine 
and guanidine derivatives and fragments of the hemoglobin molecule. 
Toxic action on cells by hea^y metals can therefore be brought about 
not onlv bv an elimination of the undoubtedly important sulphydiyl 
groups but by interference witli other substances essential for the proper 
functioning of the cellular processes, especially enzymatic activit}'. which 
might secondarily result in an inhibition of the reproductive process. 

Hammett maintained that the inhibition of growth seen after tlie 
exposure of tissues to weak, nondestructive doses of radiant energ}' is 
due to the destruction of the sulphydiyl compounds in the cells. The 
contention is based on his obserwation of inhibition of growth and 
retardation of differentiation in marine eggs irradiated for from five 
to ten minutes with gamma rays from a 15 mg. radium element, and 
on the decrease in color of the nitroprusside reaction in a water}* solu- 
tion of glutatliione exposed for from six to twent}--four hours to the 
same dose of radium. Hammett was supported in this supposition by 
Coldwater, who irradiated planarians with 2,000 roentgens and saw 
simultaneously with the disappearance of the glutathione in the organisms 
a drop in their mitotic index from 83 to 65.75. In contrast to the 
minute amounts of radiant energ}* used by Hammett. Coldwater 
employed definitely destructive doses. He showed in subsequent experi- 
ments that the growth-inhibiting effect of the x-rays could not be neu- 
tralized by the addition of sulphydi}*!. 

From the investigations of Hueper and his co-workers on embryo 
extract irradiated with large doses of beta and gamma rays, x-rays and 
ultraviolet ra 3 *s, it appears to be unlikely that the rays used by Hammett 
and Coldwater exert an appreciable and direct effect on the glutathione 
content of the cells. Using embiyo extract, a biologic material similar 
in many respects to the protoplasm of the cells and possessing eminent 
growth-stimulating qualities, Hueper and his co-workers irradiated this 
substance with from 15.600 to 31,200 roentgens and 255 and 323 mil- 
licurie hours. The results were as follows : X-rays haA*e no destructive 
action, but possibly slight oxidation occurs : beta and gamma rays cause 
partial o.xidafion of tlie glutathione and slight destruction, that is. oxida- 
tion beyond the oxidized form fS = S). The same effects were produced 
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when glutathione in watery solution ’was exposed to the same types of 
radiant energy. Ultraviolet irradiation, on the other hand, caused 
marked oxidation and destruction of the glutathione. Glutathione in its 
reduced as well as in its oxidized form had entirely disappeared from 
the embryo extract in some instances after eight hours’ exposure to 
ultraviolet rays. 

These results prove rather definitely that x-rays and gamma rays 
used in therapeutic doses, especially in weak, nondestructive amounts, 
cannot have any appreciable direct oxidizing effect on the glutathione 
content of the cell, and that therefore the inhibition of growth observed 
after the application of these agents cannot be due to the direct elimina- 
tion of the sulphydryl and the production of suboxidized sulphur in 
the cells. If the sulphydryl reaction becomes negative or decreases in 
intensity in the irradiated cells, this must be secondarj'- and attributable 
to some primar}^ changes in the protoplasm, for instance, in the enzymes 
(Hueper), caused by the rays. 

Other observations also indicate that it is unlikely that radiant energy 
in small doses exerts a temporary inhibitor}'- effect on cell gro^vth. The 
carcinoma resulting from repeated prolonged exposures to small amounts 
of x-rays is well known. If the intracellular sulphydryl groups are so 
readily destroyed, as apparently Hammett and Coldwater assume, the 
existence of tumors which are refractory to roentgen rays and radium 
becomes unexplainable. Moreover, the occurrence of osteogenic sarcomas 
on the basis of chronic radium poisoning (Martland), a condition in 
which the cancer-producing tissues are constantly exposed to bombard- 
ment with beta and gamma rays, cannot be reconciled with the afore- 
mentioned claim. But even the application of ultraviolet rays, which, 
as has been shown by Hueper and his co-workers, Lieben and Molnar, 
and others, are able to produce oxidation of sulphydryl, does not result 
in inhibition of growth but can be the cause of malignant proliferation 
of cells, as it has been demonstrated by Putschar and Holtz, Herlitz, 
Jundell and Wahlgree, Abrikosoff and Weil, and Findley and Lawrence 
that prolonged exposure to ultraviolet rays can produce cutaneous cancer 
in man and in animals. 

To add further support to the sulphydryl theory, Hammett and 
his co-workers performed experiments in which minute amounts of 
various sulph3'dr3d compounds were mixed with the culture medium or 
injected into the organisms. An increase in the number of mitoses was 
noted in the growing root tips of Zea rays and in cultures of Para- 
mecium when ^-thiocresol or hydrogen sulphide was added to the medi- 
ums. The increase in proliferative activity was accompanied by a 
decrease in cell size. In the hermit crab acceleration of regenerative 
processes was observed after the addition of /'-thiocresol to the sea 
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water in whicli the eggs were kept. Similar investigations in regard to 
cell proliferation were made on other marine eggs. F-thiocresol and 
glutatliione, respectively, were added in similar concentrations to tlie 
sea water, and not only an acceleration of cell multiplication but an 
enhancement of cell differentiation and organization resulted in tlie 
experimental animals. Tlie intratumoral injection of small amounts of 
thiodextrose caused, according to tliese authors, a more rapid gro\\-th 
of the tumors in comparison with that seen in tumors whidi received 
only equivalent amounts of dextrose. The local application of a 5 per 
cent benzyl mercaptan ointment to the skin of mice for from four to 
six montlis caused on the larger part of the body a thickening of tlie 
epitlielium through proliferation of tlie younger, incompletely differen- 
tiated cells -with the development of a regular base line, spinous cells 
and keratin and a downward growth of epithelial strands into tlie coriuni. 
Even an increase in the number of hair follicles tt'as noted. In tlie 
remaining areas of tlie body, tlie epithelial changes were less pronounced : 
there was tliickening of the connective tissue with an increase in vascu- 
larization and in elastic tissue formation. An inflammatory reaction 
was not present, according to the statements of Hammett and Reimann. 
The two autliors reported also a hastem'ng of tlie epitlielization of cuta- 
neous ulcers and a thickening of the epithelium of freshly healed wounds 
after application of a />-tliiocresol oinmient. 

Some of the experiments mentioned have been repeated by otlier 
investigators, trith negative results. Gaunt, using tlie eggs of two ri-pes 
of fresh water snails, added cysteine to tlie water and found tliat there 
was no acceleration of cell division as compared trith eggs kept in plain 
water, while. folloAring Hammett's example and advice, tliere was some 
increase in the number of mitoses in the cysteine series if equiA-alent 
amounts of d f-alanine were added to the water of the control series. 
The conclusion was therefore drawn that tliere was no evidence of a 
growth-stimulating action of cysteine and that the increase noted in the 
last mentioned experiment was spurious, since cysteine in the concen- 
trations used was less toxic tlian d /-alanine. 

Similar experiments were performed by IMorgulis and Green witli 
Podarke obscura. These authors added /'-thiocresol. tliiophenol, tliio- 
glycollic acid and cystine to sea water in concentrations approximating 
those employed by Hammett. INTo growth-stimulating effect was 
observed if the sulphydind-containing substances were used in concen- 
trations of the “effective” range, according to Hammett, wliile cell 
degenerations occurred when concentrations above tliis range were used, 
a result whicli to a certain extent was parallel to that obtained bv Sulli- 
van on feeding excessive amounts of cysteine to animals. [Morsnilis and 
Green objected, moreover, to tlie nietliod of calculation used bt* Ham- 
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inett ill the evaluation of his results, which tends to exaggerate grossly 
the actual differences. 

Attention may be called in this connection to a statement of Lewis, 
that thiophenol and thiocresol resist oxidation in the organism as all 
mercaptan groups directly attached to a benzene nucleus do, while sul- 
phur linkages of the character of the mercaptan group, or those which 
can easily be hydrolyzed to form this group (thio-urea or C 3 fsteine), 
are easily oxidized. The suliihydryl group in /^-thiocresol is therefore 
in the organism rather stable and consequently chemically inert. For 
this reason, it is probable that the sulphydryl group in glutathione and 
in /’-thiocresol will have a different biologic effect. 

It is also unlikely that the hastening of healing of wounds by the 
application of extracts from macerated tissue can be attributed to the 
effect of sulphydryl as noted by Hammett, who referred to the obser- 
vations of Carnot and Terris on extracts of macerated skin. Ham- 
mett’s claim is based on the statement of Bierich and Kalle that, in 
autolysis, a liberation of sulphydr 3 d-containing substances occurs ; these, 
according to him, act as growth stimulators. Mcjunkin repeated the 
experiments of Carnot and Terris and found that macerated skin appa- 
rently accelerated the healing of cutaneous wounds, but that, on the 
other hand, the application of extracts of liver, which, as is well known, ■ 
contains large amounts of glutathione, did not favor healing, but rather 
inhibited it. The observations made during experiments in vivo have 
been substantiated by experiments in vitro. Fischer mentioned that 
liver extract is the only extract which definitely inhibits cell prolifera- 
tion. This finding was substantiated in the experiments of Hueper 
and his co-workers with normal and malignant tissues in vitro. 
Moreover, observations on tissue cultures do not support the assumption 
that the liberation of sulphydryl in cell degeneration stimulates prolifera- 
tion because partial necrosis in tissue cultures inhibits growth (Fischer). 

In reference to Hammett’s experiments on marine organisms with 
sea water as the medium, it ma 3 ^ be pointed out that some of the marine 
organisms contain, according to Blanchetiere and Melon, not incon- 
siderable amounts of glutathione (from 24 to 174 mg. per hundred 
grams of tissue). In view of these relatively high amounts of 
glutathione in the adult animals and the probability that they are even 
greater in the eggs and embryos, it seems rather doubtful that the 
minute amounts of sulphydryl-containing substances added to the sea 
water should exert any appreciable biologic effect on their growth and 
development. As additional complicating factors the active iron and 
other heavy metals, such as copper, gold and manganese, dissolved in 
the seawater and the rather alkaline reaction (pn 8 to 8.2) of the medium 
must also be given consideration. Both of these factors tend to favor 
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the rapid oxidation of any sulph 3 -dr 3 d-containing substances added to tlie 
^Yater (Harvey), It seems, therefore, to be rather improbable that 
the sulphydryl that -was added readied the experimental animals in an 
unchanged condition. 

Concerning the use of hydrogen sulphide as a substance containing 
sulphydr}-! and therefore stimulating mitosis (Hammett; Sharpe), Sun 
did not obsen^e such an effect in sea-urchins’ eggs. It cannot be assumed 
as certain that hydrogen sulphide and glutathione exert the same effect 
on tlie cell, as there is apparently a difference between the action of 
hydrogen sulphide and that of reduced glutathione on the respiratory 
mechanism (Dixon; Bumm and Appel). Hydrogen sulphide is, more- 
over, an exquisite cell poison, comparable in this respect ivith cyanogen 
(Moncorps). 

’ The interpretation of the epithelial changes produced in the skin of 
mice painted with benzid mercaptan as evidence of phylogenetic progres- 
sion caused by sulphydiyl seems to be rather far-fetched in view of 
the fact that similar formations can be produced in the mouse by other 
means (tar, 1 : 2 : 5 : 6 dibenzanthracene) and are common among the 
pathologic changes of human mucous membranes (leukoplakias). The 
pictures published with the respective papers do not support, moreover, 
the contention that tlie epithelial proliferations occur in the absence of 
an inflammatory reaction, because several pictures show a moderate but 
definite small round cell infiltration of the corium. The epithelial changes 
may, therefore, more likely be due to a low grade chronic inflammation. 
Considering also the facts that sulpltydryl compounds are apparentl}' 
used for the synthesis of keratin (Guroud and Bulliard), and that this 
process tends to be initiated in surface epithelial cells when through 
increase in the number of cell layers a gradual removal of the upper 
layers from the base of food supply occurs and thereby an interference 
with nutrition takes place (Mekie), the role which sulphydiyl plays in 
phylogenesis does not appear to be as definitely established as Hammett 
asserts. The toxic nature of the sulphur compounds used in these 
experiments is well demonstrated by the occurrence of severe cutaneous 
reactions with formation of blisters in some instances in which 20 per 
cent thiocresol ointment was used (Reimann). 

Moreover, the work of Voegtlin and his co-workers cannot be 
regarded as proof of the promotion of cell division b}^ sulphydr 3 d. 
Using amebas as test objects and reduced and oxidized glutathione in 
a buffered saline solution as the sulplydiyl-containing medium, Voegtlin 
observ^ed an increase in the number of mitoses in the -experimental series 
in comparison with the control series which were kept either in the plain 
buffered saline solution or in a saline solution to which equivalent 
amounts of several amino-acids that do not contain sulphydiyl were 
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added. It was noted that the addition of sulphydryl to the medium 
hastened the digestion of the material in the food vacuoles. The stimu- 
lation of cell division depended on the size of the cells. The small cells 
appeared to be refractory to stimulation with sulphydryl, indicating that 
the effect was a function of cell volume. Considering cell volume as 
a function of physiologic maturit}^ or “differentiation” of the cell, the 
effect of glutathione depends, according to Voegtlin, on this factor. 
These observations and conclusions stand partly in direct contrast to 
those of Hammett, who connected the susceptibility to the sulphydryl- 
stimulus with the immature, small cells. * 

Certain objections can be raised against the experiments described. 
Among the amino-acids added in equivalent amounts to the control 
medium was alanine, which was also used b}’- Hammett and Gaunt in 
their controls. As already mentioned in connection with Gaunt’s work, 
alanine proved to be cell-toxic. That a similar action was exerted in 
Voegtlin’s experiments is apparent from the survival rates of amebas 
kept in three different mediums (with glutathione, about 70 per cent; 
with plain saline solution, 60 per cent, and with saline solution plus 
alanine, 55 per cent). The amebas in the alanine-containing medium 
showed the lowest survival rate. It is obvious that such a toxic effect 
must have a definite influence on the rate of cellular division. No 
consideration, moreover, has been given to the possibility that glutathione 
might have served as an activator of proteolytic enzymes engaged in the 
degradation of the protein material contained in the dead amebas, 
thereby supplying the living organisms with certain quantities of food 
substances and in this way supporting their survival and proliferation. 
That such a process may have been active seems to be indicated from 
the observation recorded that the rate of digestion of the material in 
the food vacuoles of the amebas in the glutathione medium was 
accelerated. 

In the selection of amino-acids for this type of experimentation, 
consideration must be given to the fact that the various amino-acids have 
different effects on the maintenance, growth and differentiation of the 
organisms used (Gudernatsch and Hoffman) or reliable and conclusive 
results will not be obtained. On account of the aforementioned con- 
ditions, Voegtlin’s observations remain of doubtful value so far as the 
stimulating action of sulphydryl compounds on cell division is concerned. 

The amount of intracellular sulph 3 ^dryl evidently depends to a certain 
extent on the availability of oxygen, being increased whenever there is 
an insufficiency of oxygen. This deficiency of oxygen may be absolute 
or relative. When an absolute deficiency prevails a condition more^ or 
less incompatible with life exists and degenerative changes result. Owing 
to the decreased respiratory activity of the cell, an emergency and 
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auxiliar}' fermentative metabolism is resorted to by the cell for the 
production of the energy needed for the continuation of the ratal proc- 
esses. The lactic acid thus generated shifts the reaction of the cell 
toward the acid side, thereb3' favoring the stabilitj- and the production 
of the reduced form of sulphr-drjd in the cell. This tr-pe of intracellular 
increase in sulphj-drjd may be designated as the degenerative form. 

On the other hand, excessive!}' increased oxidative processes in the 
cell which demand an ox)'gen supply surpassing that which can be met 
by the normal resources of the tissue may result in a temporary and 
relative deficienc}' of oxr'gen and thereb}' cause an increase in cellular 
sulphydrjd. This hyperoxidative type of intracellular increase in 
sulphydr}'! is apparentl}' present in h3'perth3'roidism (Handovsky) and 
in organs with active cellular proliferation. It is obvious from these 
considerations that the presence of an increased amount of sulph3'dr3d 
in a certain tissue mk}' characterize two biologicalh' dift'erent cellular 
states. 

The evidence presented b}’ the investigators cited in the foregoing 
discussion on the growth-promoting qualities of suIphydr3'l-containing 
substances does not otter sufficient proof of the thesis that sulphydr}'! 
is the essential and universal stimulus for normal grow'th in plants and 
animals. It remains doubtful whether the biologic activit}' of sulph3'dryl 
compounds favors cell division under all circumstances, or at all, as 
there exists evidence, parti}' already given and partly to be discussed 
later, which indicates that they may possibly act also as growth inhibitors. 

SULPHYDRYL AXD C.^XCEROUS GROW'TH 

In conformity with the claims made concerning the significance of 
sulphydr}'! compounds in regard to normal cell grow'th, several authors 
have attempted to relate these substances to the development and the 
proliferative activity of malignant tumors. 

Hirsch asserted in his glutathione theor}' of canceration, as reported 
by Delbet and Franicevic, that canceration occurs when the glutathione 
accumulates or is at least relatively increased in the tissue, thereby dis- 
turbing the normal balance between the glutathione in the tissue and 
that in the blood. He bases his contention on the f ollow'ing observations : 
The glutathione content is elevated in the tissues of young animals and 
low'ered in the blood during the period of greatest grow'th; in adult 
animals, chronic irritation causes an increase of sulphydr}'! in tissue 
comparable to that present during growth and thus produces a carcino- 
genic condition in the tissues; tar and arsenic lower the amount of 
glutathione in the blood, creating in regard to tissue glutathione a similar 
condition, that is, a relative increase and consequently a change in the 
oxidation-reduction potential bebveen the tissues and the blood, which, 
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accozding to Hii'sch, determines cell growth; young tumors contain an 
increased aiziount of glutathione, while it is diminished in the blood, 
and finally acidosis increases the glutathione in the blood, thereby i-emov- 
ing a condition favoi'able to the development of cancer and cell multi- 
plication in genei'al. 

Chataiiz is another investigator who has maintained that glutathione 
is a factor favorable to cancerous growth ; he pointed out that this sub- 
stance is inci-eased in malignant tissue, and that cancerous growth is 
stimulated by insulin owing to its labile sulphur group. 

Extending his conception of the action of sulph3"dryl on normal cell 
proliferation to the causative mechanism of malignant gi'owths, Ham- 
mett proposed the following theory of the origin of cancer, which has 
been adopted and elaborated by Reimann: The biologic basis of 
nzalignant tuizzoi's is the distortion of the sulphydiyl equilibrium in the 
pi'esence in the body of genetically determined lines of cells in which 
the heightened nuclear reactivity of hj^persensitivity to stimulation to 
proliferation by sulphydrjd characteidstic of young, incompletely 'dif- 
fei'entiated cells is Z'etained without resulting secondarily in increased 
differentiation. As the diverse architecture of izialignant growths is 
essentially a consequence of the diverse anatomic and physiologic 
environments in which the prolifei*atioiz of cells takes place, and as the 
increase in mitotic activity is in general followed b}^ a decrease in the size 
of the cells, the rate of tumor growth is directly related to the inter- 
pretation of malignanc}^ in terms of sulphj^drjd calculated from 
cell size. Sarcomas and carcinoznas represent different responses to 
stiznulation with sulph3'-dryl in persons of different constitutional (con- 
ziective tissue or epithelial) types. The difference in hydrogen ion 
concezitratiozz, carboh3^drate zzietabolism azid proteol3dic activit3'^ of the 
zizalignant cell izi coznparisozi with the zzormal cell are but sequelae of 
the heightened reproductivit3'^ of the znalignant cell. 

In support of this theor3’', Haznmett referred to the statement of 
Voegtlin and Thompson that tumor tissue contains glutathione in aznounts 
coznparable with those present in the liver, the organ having one of the 
greatest quantities of glutathione present in the various tissues. This 
high concentration is interpreted as due to the fact that tumors are 
composed of prolifez'atizig cells. The high sensitivity of embr3mnic cells 
to the sulphydr3d stiznulus is claimed to account for the development 
of tumors from embryoziic rests (Cohnheim). The increased reduction 
power of cancerous blood, reported by Roffo, was attributed b3f Ham- 
mett to the probable presence of an increased amount of sulphydryl in 
the blood resulting from an overproduction of this substance by the 
malignant tissue. In reference to Roffo and Corea's observation in 
regard to the existeizce of insulinoid substances in tumor tissue, it is 
pointed out that, accordizzg to the observations of Adlersberg and 
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Perutz, insulin, containing suboxidized sulphur, stimulates the heahng 
of old ulcers of the leg— a groTilh-stimulating effect which Hammett, 
however, could not substantiate in experiments with plant roots and 
parameda. The observation that the loss of actidt}' of Rous’ sarcoma 
filtrate can be ddayed by the addition of cj'steine or glutathione (Gye 
and Purdy; -Muller) is ^en as indication dther that the active grou-th 
prindple present in this filtrate is sulphydiyd or that its effectiveness is 
in some war* rdated to sulphr'diyd. 

The increased consumption of ojqv-gen by malignant tissue, as 
reported by Russel and Gye, is considered as eddence for the increased 
concentration of sulphydr}-! in cancerous tissue requiring a heightened 
demand for os^'gen. Tar cancer is attributed to the presence and 
growth-stimulating action of mercaptans and sulphides in the tar, pro- 
moting the generative processes beyond the level of repair. The fre- 
quenc}- of metastases to hunph nodes is assumedly due to the facts that 
these organs are foci of ceU proliferation and that proliferating cells 
respond best to the sulphydrr'l stimulus, while the high incidence of 
metastases to the liver is ascribed to the high concentration of glutathione 
in this organ, which is also supposed to be responsible for the hema- 
topoiesis-stimulating effect of liver extracts, a contention already dealt 
ufith. The anemia so often encountered in the advanced stages of 
malignant tumors is assigned to a decline of the bone marrow, the dech'ne 
being due to an accumulation of sulphydrr'l in the tumor corresponding 
to a general decrease in the rest of the organs (V’oegtlin). 

It is furthermore asserted that the hr'drogen sulphide produced in 
the intestines b}* bacterial action, especially in the presence of constipa- 
tion, may act as an etiologic factor in the development of cancer in 
constitutional!}' inclined persons. The infrequency of malignant growth 
in persons with hyperth}Toidism is explained by the fact that this con- 
dition increases the oxidative processes in the body, causing oxidation 
of the sulphydr}'! group, which is highly sensitive to oxidizing agents. 
The cancer caused by Spiroptera neoplastica in rats (Fibiger) is laid 
to the production and fertilization of eggs, resulting in an increased 
concentration of sulphydr}-! (Shearer) in the tissues adequate to stim- 
ulate an abnormal proliferation of cells in a ground prepared by the 
inflammatory process and constitutionally inclined to a pathologic 
response. 

Saunders held that the changes in the hydrogen ion concentration and 
the oxidation-reduction potential occurring in chronically inflamed 
tissues enable the sulphydiy-I groups present in the tissues, such as 
cysteine and glutathione, to act as a stimulus for cell dirision and to 
contribute to the causation of malignant gro^^-th. Saunders pointed out 
that, according to Hammett, sulphydtyl is stable at ps 5.5 and stimulative 
to growth ; at pn 7.2 it is changed to a suboxidized state, and therefore 
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retardation of cell multiplication results, whereas at pn 6 to 7, a range 
in which an equilibrium exists between the reduced and the suboxidized 
form of sulphydryl, no consistent response is registered. He expresses 
the belief that the lactic acid produced by streptococci isolated from 
inflammatory and neoplastic tissues reduces the pu of the tissue to about 
from 4.2 to 4.8, which keeps the sulphydryl in the stimulating phase. 

If the evidence cited in support of the various theories respecting the 
part played by glutathione in canceration is evaluated, it soon becomes 
obvious that some of the data either allow a different interpretation or 
are contradicted by findings of other authors. 

The statement of Voegtlin and Thompson that the high glutathione 
content of malignant tumors is comparable to that of the liver, one of 
the organs richest in this substance, is incorrect if judged by the figures 
given by these authors. In no instance does the glutathione content of 
the tumor (carcinoma atid sarcoma) even approach that present in the 
liver of the animal ; usually it is far below it, often being only one half 
or one third of that of the liver, or less. Bierich and Kalle stated, for 
instance, that malignant tissue contains approximately the same amount 
as normal tissue, adding that the glutathione content of a tumor appar- 
ently depends on its cellularity. A similar opinion was expressed by 
Hieger and Kennaway. Binet, Leon and Magrou noted that a greater 
amount of glutathione is present in normal growing tissue than in cancer- 
ous tissue. Holmes as well as Heinlein reported abnormally small 
quantities of glutathione in malignant tumors. Yaoi and Nakahara also 
recorded the presence of negligible amounts of glutathione in Rous' 
tumors, making Hammett’s assumption concerning the relation of 
sulphydryl to the active principle of this tumor rather unlikel}'-, especially 
iir view of the observation of Murphy, who found that the nitroprusside 
reaction is negative in purified Rous’ filtrate. 

Voegtlin and Thompson observed a decrease in the glutathione con- 
tent of the organs with the progress of the neoplastic growth. This 
observation was in general substantiated by Medvedev, who stated that 
carcinomatous tissue has a low glutathione content, but it was not con- 
firmed by Bierich and Kalle. It must, however, be mentioned that 
apparently there is a drop not onlj'- in the glutathione content of the 
normal tissue, but in that of the tumor, according to the figures of 
Voegtlin and Thompson and Medvedev. These observations throw an 
interesting light on the investigations of Saxl, Kimura, Kahn and Post- 
montier and of Moravek on the total sulphur content of the urine and 
blood in cancerous persons. It was found by these workers that the 
total sulphur is increased in the urine and blood and decreased in the 
tumor tissue. These findings and the fact that various carcinogenic 
ao-ents, such as arsenic, aniline and tar, are detoxicated in the body by 
sulphur (sulphydryl, according to Voegtlin and others) have caused 
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Grumme and Medvedev to maintain that cancer is a disease based on a 
deficiency in sulphur. 

The question in regard to the state in which glutathione is present 
in the tumor tissue is still controversial. While V oegtlin and Thompson 
asserted that the glutathione in the tumor occurs mainly in the oxidized 
form, Bierich and Kalle expressed the reverse opinion. 

As the majority of the authors cannot establish any extraordinary 
abundance of glutathione in neoplastic tissue or any relation between 
the amount of sulph^'dryl and the malignanc}' of the tumor (Binet, Leon 
and ]\'Iagrou), no conclusions of definite value in regard to the sig- 
nificance of sulphydrj'l in the genesis and development of malignant 
neoplasms can be drawn. 

The theor}’- that glutatliione is concerned in metastasis (Hammett) 
does not take account of the fact that mechanical factors regulate to a 
marked extent the distribution and implantation of secondar}' growtlis 
in the Ijmph nodes and the liver. The frequency of metastases in the 
lung, an organ with a moderate glutatliione content and an excellent 
oxygen supply, remains entirelj- unexplained by such a theor}-. Primary 
tumors in the liver are, moreover, relatively uncommon, and metastases 
in the spleen, a lymphoid organ, are rare. 

The anticancerous action of hyperthyroidism, referred to by Ham- 
mett as due to the stimulation of the oxidative processes in the body and 
the resulting destruction of sulphydr}-!, can also not be attributed to 
this mechanism, as Handovsk}- found that the feeding of thyroid tissue 
causes an increase of the organic glutatliione. Handovsk}’’ added that 
whenever that tissue has an insufficient supph’ of oxygen either on 
account of poisoning of the respiratory ferment or on account of 
increased oxidation, glutathione in the tissue is increased. It must, 
furtliermore, be kept in mind that glutathione as a respirator}’- catalyst 
accounts for only a part of the tissue respiration (Alann), and that 
cancer cells obtain their main source of energy from glycolysis, a process 
which cannot be suppressed b}- an increase of oxygen pressure, as the 
interrelation between respiration and fermentation expressed in the 
Pasteur reaction for normal cell metabolism does not exist for malignant 
cells. 

It seems to be doubtful, moreover, tliat the acid reaction present in 
inflammatory tissue acts as a growth stimulant through its effect on the 
equilibrium between reduced and oxidized sulphydr}'!. causing a shift 
toward the reduced sulphydryl side. It is rather well established that 
normal as well as malignant cell proliferation is inhibited at an acid 
hydrogen-ion concentration (/>h 5.5), wliich is regarded by Hammett as 
the optimum for the stimulating effect of sulphydr}-!, and that, on the 
contrar}’^, the growth optimum is found in the alkaline range at about 
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pn 7 A to 8 (Fischer; Balint and Weiss; Marton and Magassy, and 
many others), where sulphydryl is considerably less stable. 

Demudi remarked that the growth of tumor cells proceeds less 
rapidly with an increase in the amount of lactic acid produced, and Reiss 
pointed out that the depression of the Pn oi the environmental medium 
of malignant cells by the accumulation of lactic acid, either as the result 
of an excessive production of this substance or as the result of inter- 
ference with its removal, may work as an inhibitory mechanism of 
self-regulation of tumor growth. 

Considering the natural tendency of tissues to reduce glutathione 
(Dixon; Schiff and Fukuyama) and the fact that reduced glutathione 
becomes more stable and therefore inert (Mann), with an acid reaction 
(Joyet-Lavergne), and knowing that cell mitosis is a process requiring 
large amounts of energy (Needham) which are probably derived from 
oxidative processes and not from reducing ones, as Rapkine implied, 
one cannot readily conceive how a sulphydryl group of great stability, 
such as that present in acid tissue, could be responsible for the induction 
of mitosis. On the other hand, the great labilit}’^ of the equilibrium 
between reduced and oxidized glutathione (SH — SS) in a biologic 
medium of alkaline reaction in which the reducing quality of the tissue 
is counteracted by the oxidizing tendency of the hydrogen ion concen- 
tration indicates that an SH — SS constellation of great reactivity should 
exist which might well take care of or participate in the production of 
the energy needed in mitosis and protein synthesis without which con- 
tinuous cell proliferation is not possible. Hopkins attested to the higher 
reactivity of sulphydryl in an alkaline medium than in an acid one when 
he observed that oxidized glutathione is not an autoxidator in an acid 
medium, while it is in an alkaline one, where it is constantly reduced by 
the hydrogen donators in the presence of dehydrogenases of the tissue, 
as the autoxidation optimum of glutathione is found at pn 7.4 (Dixon 
and Tunnicliffe). On the other hand, Hopkins demonstrated that on 
the acid side of pn 7.4, the protein sulphydryl is oxidized, and the .total 
amounts to ten times the equivalent of the sulphydryl present, while at 
pn 7.4 to 7.6, the oxygen uptake amounts to only sufficient to oxidize 
sulphydryl. 

The optimum hydrogen-ion concentration for growth is, moreover, 
closely related to the optimum hydrogen-ion concentration for glj^colysis, 
which is found at pn 7.58; glycolysis is almost lacking at pn 5.8, accord- 
ing to Reding, Warburg and others. The restraining effect of an acid 
reaction on malignant growth, in spite of an apparently favorable con- 
centration of sulphydrjd, is therefore readily' explained by the resulting 
inhibition of glycolysis, the main source of energy of the cells (Warburg, 
Posener and Negelein). The proper functioning of this important 
metabolic mechanism depends apparently to some extent on the alkalinity 
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of the medium. Sugar and sulphydr}'! compounds, being ubiquitous 
systems (Kiuehnau) , are evidently intimately interrelated in their biologic 
activit}', as a high glutathione content is found in organs and regions 
which are centers of sugar metabolism (liver, suprarenal glands) 
(Kuehnau), a finding confirmed by Joyet-Lavergne. Niethammer 
obserr'ed, moreover, that germination of seeds does not occur and cannot 
be forced in the absence of sugar. 

The direct dependence of the sulph3'dr3'l concentration on the 
intensit3- of the sugar oxidation is also shown b3' the fact that under 
certain conditions (dextrose oxidation) the liver can rapidly form large 
amounts of glutathione, from unknown sources, as long as the hepatic 
function is intact, while the sulph3'dr3-l fraction drops and becomes zero 
when this process is arrested. 

The existing interrelation between the h3'drogen ion concentration 
of the medium and the biologic activit3- of the sulphydr3d S3'Stem in 
malignant growth becomes significant in view of the considerable evi- 
dence which has been collected on the tendencv of cancerous blood to 
be alkaline. Klobliha noted that proliferating cells have a somewhat 
less alkaline C 3 -toplasm than normal cells, but that tlie C 3 -toplasm of 
malignant cells, even if it is not basic b3' its own resources, can become 
alkaline by the action of the alkaline blood. Recent investigations with 
cultures of malignant cells kept under aerobic conditions have, moreover, 
shown that the supernatant fluid and the plasma-embr3-o extract medium 
become increasingh’ alkaline instead of increasingl3' acid as in anaerobic 
cultures (Hueper and Russell) . As the aerobic conditions in the alkaline 
cultures correspond more closeh’ to those present in the peripheral parts 
of malignant tumors, where the activel3- proliferating cells are in direct 
contact with the vascular S3'Stem of the invaded normal tissues and there- 
fore obtain an approximatel3' normal supph’ of ox3'^gen, these results 
ma3’ throw a new light on the vital activities of malignant cells in vivo 
and on the factors regulating them. 

It is apparent from these data that the conditions existing in tumor 
tissue are not absolutely favorable to the stabilit3’ of reduced cellular 
glutathione, but rather tend to make it labile and susceptible to oxidative 
agents. A growth-stimulating effect of sulph3'dr3d-containing substances 
injected in minute amounts into tumors, as maintained b3'- Hammett, is 
therefore scarceh- probable and has not been confirmed b3’’ Gilro3\ 

The results of the great majorit3' of investigators contradict the 
contention of Chatain and Hammett that insulin stimulates ttmior growth 
(von ^^'itzleben ; Stuehlern; Piccaluga and Gioffari; iMuenzer and Rupp, 
and others). It is, a priori, unlikel3' that a substance which decreases 
the dextrose content of the blood from which the tumor cells obtain 
their supph- of this substance would act stimulativeh' on cell prolifera- 
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tion. Insulin and sulphydr}^ are, moreover, antagonists, as insulin is 
inactivated by cysteine (duVigneaud). 

In regard to Hammett’s assumption that the carcinogenic action of 
tar is due to its content of mercaptans and sulphides, reference may be 
made to the work of Burrows, Hieger and Kennaway, and Cook on the 
carcinogenic effect of synthetic benzanthracenes which they developed 
from their study of the purification products of tar, and which they 
relate to the carcinogenic quality of this substance. As these compounds 
do not contain any sulphydryl groups, this claim of Hammett seems to 
be rather insufficiently founded. 

From the available evidence, as presented in the foregoing discus- 
sion, it can be concluded that the various theories as to the etiologic 
relation of glutathione and sulphydryl to canceration are not properly 
supported b)^ definite facts. The great mass of observations and findings 
rather disproves them than sustains them. If one grants sulphydryl 
substances a contributory part in the development of malignant growth, 
it can be at best onl)’’ a secondary role, remaining in the framework of 
their normal function. 

ACTIVATION OF CELL DESTRUCTION BY SULPHYDRYL IN CANCER 

The theoretical as well as practical weakness of the theories concern- 
ing sulph3'dryl and malignant growth is furthermore emphasized by the 
conceptions which are held by Waldschmidt-Leitz and Voegtlin in regard 
to the interrelations existing between the proteolytic processes and the 
activation of cathepsin by sulphydryl in malignant tumors. 

On the basis of the observations of Grassmann that only reduced 
glutathione is an activator of proteolysis by cathepsin, Waldschmidt- 
Leitz proposed the theory that a connection exists between the oxidative 
and the h)'^drolytic processes in cancerous tissue. He contended that 
while in the normal cell, on account of the ample oxygen supply, the 
SH — SS equilibrium is shifted toward the oxidized form of glutathione, 
in the malignant tissue the existing oxygen deficiency, the production 
of lactic acid and the resulting acid reaction favor the stability of the 
reduced form of glutathione, resulting in optimal conditions for the 
activation of the intracellular protease, cathepsin, by sulphydryl. Wald- 
schmidt-Leitz maintained that this constellation is responsible for the 
increased cellular proteolysis in malignant tumors, which is still more 
enhanced by the fact that the activator of cathepsin is considerably 
increased with tissue decay. In support of his theory, Waldschmidt-Leitz 
stated that the glutathione content of mature or old tumor tissue is higher 
than that of young tumor tissue. He referred also to the work of 
Mothes, who found that the activator of protein hydrolysis in plants 
is a sulph3'dryl-containing substance, while that of protein synthesis is 
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■one of the character of oxidized glutathione (GSSG). The direction 
of protein metabolism in the plant depends, according to this author, 
on the oxygen potential. If oxygen is present in insufficient amounts, 
hydrolysis is activated; if it exists in excess, synthesis occurs. From 
these statements it can be inferred that any increase in sulphydryl in 
the cell will cause a tendency to cellular proteolysis or cell decomposition, 
while a shift in the intracellular SH — SS equilibrium in favor of the 
oxidized form (SS) will stimulate protein synthesis, a process which 
appears to be essential for cell division. Whereas protein synthesis and 
protoplasmic synthesis are not directly synon3mious with mitosis, cell 
multiplication cannot continue for aii)'^ length of time if this process is 
not only inhibited, but counteracted, by protein decomposition resulting 
in cell destruction. 

Yoegtlin and Mavern expressed similar views in a study of the rela- 
tion between the oxidation and the proteolysis of malignant tumors. 
The occurrence of necroses in tumor tissue is explained by them as 
due to the existence of an inadequate vascular supply and consequently 
a deficient circulation of blood in parts of the tumor, re’sulting in insuf- 
ficient food supply, accumulation of lactic acid and local increase of the 
hydrogen ion concentration, causing the death of cells. The low oxygen 
tension and pn and the stability of sulphydryl thus attained stimulate 
proteolysis by activation of the tissue proteases. This destructive process 
can, in the opinion of the two authors, extend to the surrounding tissue, 
while the products of protein degradation are either removed through 
the blood or utilized by the adjacent tumor cells for growth and multi- 
plication, a process which will simultaneously also be favorably affected 
by the increase in intracellular sulphydryl. The conceptions held by 
Yoegtlin and Mavern are essentially identical with those supported by 
Y^aldschmidt-Leitz concerning the causative mechanism of tumor 
necroses and of the destruction of the surrounding normal tissue. 

These theories are to a certain extent supported by the observation 
of Rosenthal and Yoegtlin that malignant tissue, the liver and the brain, 
in contrast with other tissues, keep glutathione for some time in the 
reduced form. It may also be pointed out that parenchymatous organs 
which normally have a high glutathione content (liver, suprarenal 
glands) have a marked tendency to rapid postmortem autol3"sis. But 
observations made on isolated dead tissue and on postmortem changes 
cannot be applied without restrictions to necroses in vivo, which are 
exposed to the effects of the surrounding living tissue. 

Against the validit3^ of these theories numerous objections have been 
raised. Krebs found that the proteol3i:ic activity of tumor cells is high 
but within normal limits, while Kleinmanii and Werr could not demon- 
strate in extensive investigations that the catheptic activit}- of normal 
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and malignant tissues differs in quantitative or qualitative respects. 
They concluded, therefore, that no interrelations can be established 
between increased growth and proteolytic processes in tumors. These 
results have been substantiated by Malowan and Rondoni. Kleinmann 
furthermore pointed out that the cathepsin of tumor tissue cannot be 
activated against its own proteins by the usual method, and that Stern 
succeeded in this only by means of heavy metal catalysis. This assertion 
of Kleinmann was, however, disputed in recent investigations of Wald- 
schmidt-Leitz. 

Heinlein, contradicting Waldschmidt-Leitz, called attention to the 
fact that the older portions of the tumor contain not more but less 
glutathione. Moreover, Morel and Delore and Vosco and Castagna 
observed that reduced glutathione disappears rapidly from dying and 
necrotic tissue. Abderhalden noted that the autolysis of minced liver, 
spleen and kidney is not appreciably influenced by the addition of 
reduced glutathione, which indicates that proteolysis cannot be stim- 
ulated by sulph3^dryl beyond a certain optimum. Krebs noted that no 
definite conclusions as to intracellular processes in vivo can be drawn 
from results obtained with tissue extract, an opinion which was strongly 
emphasized by Edlbacher also. 

The action of sulphydryl on enzjnnatic activity in vivo and to a 
certain extent also in vitro is not )^et sufficiently understood, as it seems 
to be difficult to distinguish with present methods between a pseudo- 
activating effect of sulphydryl on the enzj-mes by the removal of heavy 
metal inhibitors (Krebs ; Klein and Ziese) and a direct stimulating 
effect of sulphydr3d (Waldschmidt-Leitz) either alone or in the form 
of a sulphydryl-heav3" metal complex (Waldschmidt-Leitz ; Salaskin and 
Solowjew). The great complexit3'^ existing in this respect, which makes 
it extremely difficult to obtain a clear understanding of the interrelations 
of the various factors present in living biologic material, is shown by 
the fact that the activation of arginase is controlled, not only by a simple 
interaction of enzyme and activator, but by the synergism and antago- 
nism of amino-acids and heavy metals (iron aird copper) and their vari- 
ous types of valencies (Stern and Michaelis) ; the amino-acids probably 
act in this complex process as a reducing agent of the metal, or the latter, 
for instance ferrous iron, as a protector of sulphydryl from oxidizing 
agents (Edlbacher). It seems, moreover, to be doubtful if the activation 
of certain intracellular proteases in vivo depends exclusively on the 
presence of sulphydryl, as the cells doubtless contain other reducing 
substances, such as ascorbinic acid, which is accumulated in organs 
(liver, suprarenal glands) which excel in their glutathione content. 

In critical evaluation of these apparently contradictory conceptions 
and of the evidence presented, attention may be called to the following 
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points: Necrosis is by no means a constant characteristic of malignant 
tumors. Proteolytic processes occurring in tumor necroses are evidently 
secondary to the coagulation of the cell proteins. Rapid proteolysis of 
necrotic tissue (benign or malignant) is neither constant nor frequent. 
The majority of infarct necroses after a primary imbibition of the 
infarcted tissue with extravasated plasma undergo a dehydration process 
and are slowly lysed in the course of weeks and months by the action 
of invading leukoc}i;es and phagocytes (Orth). Similar conditions are 
commonly observed in necrosis of malignant tissue. The proteases 
liberated from the dead cells and activated by the sulphydr}d compounds 
are therefore often not able to cause any considerable proteolytic changes 
in the dead tissue in vivo, in contrast to those observed in vitro and in 
postmortem autolysis. This delayed proteolytic degradation in vivo 
may be due to different factors. Suiphydryl substances appearing in 
necrotic tissue are destro3'ed by the oxidizing action of the plasmatic 
material entering the necrotic tissue by exudation from the blood vessels, 
as it has been shown in recent investigations of Hueper and Russell 
that plasma oxidizes sulph^’dr}’! compounds added in the course of a 
few minutes at a temperature of 37 C. Plasma will also tend, on account 
of its buffer power, to prevent a shift of the reaction of the necrotic 
tissue from the alkaline to the acid side, which is more favorable to the 
stability of sulph3’-dryl compounds and to proteol3’^sis. The blood of 
tumor carriers has in addition an increased antiproteolytic titer, accord- 
ing to the statement of Wells. There will be, moreover, a drainage of 
enzymes from the necrotic tissue into the blood owing to the increased 
permeabilit3' of dying and dead cells (Oppenheimer ; Mandelbaum). 
It can also be assumed with some justification that easil3’’ diffusible sub- 
stances, such as the enz3'maticall3’- important sulphydr3d compounds, 
particularly those not bound to proteins, are relatively rapidl3'- removed 
by diffusion from the dead tissue (Morel and Delore; Visco and 
Castagna) . 

Avascular disturbances and cell crowding in the tumor, together with 
the increased need for food material for the maintenance and prolifera- 
tion of tumor cells, resulting in a keen and certainl3'^ sometimes unfavor- 
able competition among the tumor cells for these substances, ma3’’ account 
for and contribute to the frequenc3’^ and exaggeration of necrotic proc- 
esses in tumor tissues. Similar factors are apparentl3" responsible for 
the degeneration of the normal tissue exposed to the infiltratively grow- 
ing malignant cells, accounting for their “destructive” action. This 
conception in regard to “destructive” growth, which is also applied to 
man3'- benign manifestations, such as inflammator3’- h3-perplasias and 
endometriosis, is supported b3' the observations of Rondoni who noted 
that tumor cathepsin prepared after the method of Waldschmidt-Leitz 
shows no special features in comparison with the enz3-me of normal 
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dssues. Price demonstrated that in malignant conditions the surround- 
ing normal tissue is not digested by enzymes liberated from the tumor, 
and that the growth of the tumor does not depend on the autolytic 
products resulting from the degeneration of the surrounding normal 
tissues. 

It is evident from these data that the intracellular activation of 
cathepsin in malignant tissue is not responsible for the causation and 
frequency of necroses and the infiltrative and destructive growth of 
malignant neoplasms.^ 
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Notes and News 


Ella Sachs Plotz Foundation. — During its tenth year this foundation made 
twenty-one grants, twelve of which were to scientists outside of the United States. 
During the present great need for aid, “grants will be given in the sciences closely 
related to medicine without reference to special fields.” The maximum granted 
will as a rule be less than §500. Applications for grants for 1934-1935 must be 
in the hands of the secretary. Dr. J. C. Aub, 695 Huntington Avenue, Boston, 
Mass., before May 1, 1934. 

Congratulatory Volume. — Supplement XVI of Acta pathologica ct inicro- 
biologica Scaiidiuavica is dedicated to John Forssman, the discoverer of heterophile 
antibodies, on his retirement at the age limit from the professorship of general 
pathology and bacteriology in the University of Lund, Sweden. The supplement 
covers 611 pages and contains 51 articles by pupils and friends of the dedicatee. 

Society News. — At the last annual session of the Society of American Bac- 
teriologists in Philadelphia, Milton J. Rosenau was elected president; Karl F. 
Meyer, vice-president and James M. Sherman, secretary. 

The next annual meeting of the American Association of Physicians will be 
held at the Chalfonte — Haddon Hall, Atlantic City, May 1 and 2, 1934. 

The fiftieth session of the American Association of Anatomists is to be held 
at the University of Pennsylvania, Philadelphia, Alarch 29 to 31, 1934. 

The second annual conference of the Society for the Prevention of Asphyxial 
Death was held in New York on Februar}' 19. In addition to papers on the 
scientific and practical aspects of asphyxia there was a display of appropriate 
scientific and technical exhibits. 


CORRECTION 

In the abstract of an article by Dr. A. Feller and Dr. H. Sternberg (VircJiozus 
Arch. f. path. Anaf. 285:112, 1932), which appeared at the top of page 111 in the 
January issue, the name of a S 3 mdrome was misspelled. This should be “Klippel- 
Feil” instead of “Kippel-Weil.” 
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Experimental Pathology and Pathologic Physiology 

The Incisor Teeth of Albino ILvts and Guinea Pigs in Vitamin A Defi- 
ciency AND Repair. S. B. Wolback and P. R. Howe, Am. T. Path. 9:275 
1933. 

The initial effect of a deficienc}’^ in vitamin A on the incisor teeth of rats and 
g’uinea-pigs is on the enamel organ. The ameloblasts respond earliest by atrophy, 
and then the remainder of the organ atrophies ; finally, metaplasia, calcification and| 
in the guinea-pig, ossification occur. Atrophj’- and depolarization of odontoblasts 

follow changes in the enamel organ. The odontoblasts survive longest on the 

side (labial) in apposition to the enamel organ. In long continued experiments, 
gross deformities in the incisors of rats resulted from absence or deficiency of 
dentine formation. Two types of denticle formation are described, one built up 
by depolarized odontoblasts, the other by inclusions of ameloblasts made by the 
folding of imperfectly formed dentine at the formative end of the tootli. Defective 
formation of enamel and other poorly understood conditions in teeth, such as 
denticles, pulp bone and cementicles, may reasonably be regarded in the human 
being as possibly due to deficiency of vitamin A. Our observations indicate that in 
the incisor teeth of rodents the odontoblasts are influenced througliout life by the 
■enamel organ. As in other morphologic problems concerning deficiencies in 

vitamins, stud}' of the sequences of repair was essential. We emphasize the 

importance of two types of material for control, the normal and the progressive 
stages in repair. Our observations indicate that deficiencj’- in vitamin A is the 
most important of the known vitamin deficiencies in its effect on the formation 
of teeth. From Authors’ Summary. 


Experimental Production of Rheumatic Lesions in the Heart and in 
THE Joints. Ernst Vaubel, Beitr. z. path. Anat. u. z. allg. Path. 89:374, 
1932. 

By repeated subcutaneous or intracutaneous injections of horse serum, morpho- 
logic changes were produced in the heart and in the joints of rabbits. In the 
heart, degeneration of muscular tissue, nodular perivascular cell proliferation and 
proliferation of the intimal layer of blood vessels were observed. The liver showed 
degeneration of the parenchyma and proliferation of the reticulo-endothelial tissue. 
Intra-articular injection of foreign protein caused allergic inflammation of the 
joints. Periarticular injection produced marked inflammation of all parts of the 
knee joint. In sensitized rabbits, repeated cooling of the joints may produce severe 
^aphylactic arthritis with necrosis of the skin. Mechanical injuries of the knee 
joint may produce in sensitized animals allergic periarticular inflammation.^ The 
microscopic lesions of the joints resembled the typical changes of rheumatism in 
mat’- C. Alexander Hellwig. 

Experimental Studies on the Pathogenesis of Jaundice Caused by 
Phenylhydrazine, Tadasu Itoh, Beitr. z. path. Anat. u. z. allg. Path. 
89:513, 1932. 

Adult dogs ■were given injections of a 5 per cent alcoholic solution of phenjd 
hj^drazine. At certain intervals the content of bilirubin in the blood serum an 
the number of red blood cells were determined. The degree of hemolysis did not 
correspond to the icteric index. Hemolysis cannot be regarded, therefore, ^ as a 
cause of the jaundice produced by phenylhydrazine poisoning. After repeated 
tions of phenjdh 3 'drazine, central necrosis of the hepatic cells was observed. These 
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experiments suggest that phenylhj'drazine acts in the same manner as removal of 
the liver, and that the jaundice caused by this poison is due to retention of 
bile pigment and not to hemolysis. q Alexander Hellwig. 

Effect of Arsenic on Lymphoid Tissue Without Germinal Centers. Otto 

IsELi, Beitr. z. path. Anat. u. z. allg. Path. 89:529, 1932. 

In continuation of experiments by von Albertini, Iseli injected arsenic into 
very voung guinea-pigs, in which the lymph nodes are without so-called germinal 
centers. A single injection of from 1.3 to 1.8 mg. of arsenic produced a diffuse 
cell degeneration throughout the lymph nodes, whereas lymph nodes with germinal 
centers show degenerative changes only in the latter. Repeated injections of small 
doses of arsenic caused only a moderate decrease of lymphoid cells in the lymph 
nodes without germinal centers. Iseli believes that his experiments corroborate 
the theory of von Albertini that the so-called germinal centers are protective 
organs against poisons carried in the blood stream to the lymphoid tissue. 

C. Auexander Hellwig. 

Experimental Pneumonia. C. Kiuvuspe and J. Thiess, Beitr. z. path. Anat. 
u. z. allg. Path. 91:276, 1933. 

The lobar pneumonias tliat the authors were able to produce experimentally 
in normal, immune and sensitized rabbits lead them to conclude that human lobar 
pneumonia is not a hyperergic inflammation. They believe, however, that variations 
in the degree of immunity or sensitization at the time of infection by the pneumo- 
coccus may be an important factor in determining the variable histologic character 
of lobar pneumonia in man. q_ Schultz. 

Influence of Diet and Hormones on Thyroid Function. H. Paal and 
H. O. Kleine, Beitr. z. path. Anat. u. z. allg. Path. 91:322, 1933. 

The thyroid function in rats was studied. The object was the preparation of 
a standard diet that would have no effect on the thyroid gland and on which rats 
might be maintained for the purpose of studying the effects of other factors on 
the gland. The salt and vitamin content was kept adequate, and wide variations 
were made in the proportions of protein, fat and carbohydrate. The thyroids of 
twenty animals in each series were united and extracted, and the protective action 
of the thyroid substance against acetonitrile was determined on mice. The thyroids 
of four animals of each series were examined microscopical!}’. In their histologic 
studies the authors differentiate between the resting gland with storage of colloid 
and the active gland with secretion of colloid into the follicle and excretion out 
of the follicle, either of which processes may predominate over the otlier. 
Unbalanced diets activated the thyroid, a high content of protein or fat influencing 
excretion more than secretion, whereas a diet high in carbohydrate caused secre- 
tion to predominate over excretion. Submaximal A-ariations in diet led to the 
storage of thyroid substance without histologic evidence of activity. Iodine com- 
pounds brought glands rendered active by diet into a resting state, tlie degree of 
storage depending on the dosage. Thyroxine, the hormone of the urine of preg- 
nant women and extracts of the adenohypophysis activated the thyroid, but when 
thyroxine and pituitarj’ extract were given together, the former inhibited the 
activating effect of the latter. Vitamin E deficiencj’ inhibited thyroid activity and 
diminished the activating effect of extracts of the adenohypophysis. Iodine over- 
came tlie inhibiting action of vitamin E deficiency. q_ -p. Schultz 


Dschu-Yu-Bi, Beitr. z. path. Anat. 


Experimental Noninfectious Arthritis. 
u. z. allg. Path. 91:361, 1933. 

^ In experiments to determine the character of h}’perergic inflammation of joints, 

Only when the injections 


rabbits received repeated small doses of horse serum. 
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were made directly into the cavity of the joint did such inflammation of the 
cartilage and capsule occur. The inflammation was productive in character and 
resembled that of rheumatic arthritis, but lacked Aschoff bodies and other histologic 
characteristics of the rheumatic process. _ The injection into the joint of non- 
sensitizing liquids, such as water and physiologic solution of sodium chloride, also 

caused inflammation of the joint. _ ^ „ 

O. T. Schultz. 


Efficiency or the Kidney in Compensatory Hypertrophy. H. Stahr, 
Centralbl. f. allg. Path. u. path. Anat. 57; p I 933 . 

The author believes with others that the straight tubules of the kidney are 
more capable of regenerating than are the convoluted tubules. He presents 
evidence to prove that a single kidney with compensatory hypertrophy cannot 
withstand emergencies as well as two normal-sized kidneys. He cites the incom- 
petence of the single enlarged kidney in the following conditions: replacement of 
one kidney by hypernephroma; agenesia of one kidney; hydronephrosis; stone 
formation in and destruction of a kidney; disappearance of one kidney due to 
vascular disease; hypoplasia of one kidney; congenital cystic kidney, and tuber- 
culosis of one kidney. Rukstinat. 


Injury to the Blood Vessels by Crotai.in. K. Apitz, Centralbl. f. allg. 

Path. u. path. Anat. 57:273, 1933. 

Ecchymoses were noted in the mesentery of a mouse from five to ten minutes 
after it had been painted with a 1 : 1,000 solution of crotalin. The size of the 
extravasations and the speed with which they developed were noted through a 
window in the mesentery. After the mesentery was painted with the poison, the 
circulation continued, and in from three to five minutes red blood cells escaped 
from the capillaries. The blood gushed out from arterioles and capillarj' arterioles 
with “volcanic” force, so that often the serosa tore. When the serosa remained 
intact, blood soon spread beneath it to obscure the entire field. Where the circula- 
tion was only moderately active, free blood cells occurred in grapelike clusters, 
and subsequent hemorrhage slowlj’’ added more red cells to these. From venous 
capillaries, single red blood cells were extruded at intervals of about a minute. 
The bleeding did not seem due to inflammation, because stasis and reversal of 
capillary flow occurred onlj" after bleeding had taken place. 

In frogs, crj^stals of the poison laid on the mesenterj' slowed the blood stream 
in the underlying vessels, but bleeding occurred only after the crystals had dis- 
solved. The bleeding was not increased when the pressure in the mesentery was 
increased by pressing on it with a glass needle. 

Sections of mesentery of rats, mice and guinea-pigs failed to disclose alterations 
in the endothelium of the blood vessels after varying doses of crotalin had been 
injected intraperitonealljc The conclusion is reached that crotalin is not primarily 
cytolytic for endothelium but derives hemoglobin, an activating substance, from 
the wall of the vessel, and in the proper serum medium e.xerts its injurious effect. 

George Rukstinat. 

The Blood Formation and the Copper Content of the Chicken Embryo. 

S. SuMEGi, Frankfurt. Ztschr. f. Path. 43:565, 1932. 

The copper content of chicken embrjms during incubation increases gradually 
up to the time of the onset of respiration. Beginning from the onset of respiration, 
the copper content increases more rapidljL The number of red blood cells and their 
hemoglobin content are in direct proportion to the copper content of the embryo. 
The morphologic maturity of the blood cells is also in direct proportion to the 
copper content. Twenty-four hours after the chicken is hatched, the copper reserve 
is markedlj" diminished. 0. Saphik. 
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Experimental Production or Leukemia and Lymphosarcoma in jMice by 
Chronic Poisoking with Indol. \V. Bungeler, Frankfurt. Ztschr. f. Patli. 
44:202, 1933. 

Various doses of a watery solution of indol were injected suhcutaneously into 
a large number of mice. A single injection caused an inhibition of respiration in 
tissue examined supravitally. Injections over a long period produced, in addition, 
increased fermentation. Artificially produced foci of regeneration healed readily 
and did not, as a rule, precede tumor formations. In only three instances, a small 
papilloma was found. Severe anemia and leukopenia developed in a large number 
of animals. Autopsy disclosed gelatinous atrophy of the bone marrow and atrophy 
of the blood-forming organs. Animals which survived these changes revealed later 
reparative hyperplasia of the blood-forming organs and distinct leukocytosis in 
tlie circulating blood. Of 594 mice, only 97 survived after a period of eight months. 
Aleukemic lymphadenosis developed in 4 of these, in 1 presenting the histologic 
appearance of a lymphosarcoma. Myelosis developed in 13 of the 97 animals (4 
revealed leukemic myelosis and 9 aleukemic myelosis). The remainder of the 97 
animals showed, at autopsy, marked atrophy of the bone marrow, spleen and lymph 
nodes, and sometimes also severe amyloid infiltration in these organs, in addition 
to much fibrosis. The author believes that the reason why some animals showed 
anemia and atrophy of the blood-forming organs, and others hypertrophy and 
tumor fonnation, lies in constitutional differences. The majority of the 80 remain- 
ing animals, however, showed extramedullary blood-forming foci in the liver, 
spleen and lymph nodes. In blood smears of these animals, leukocytosis was often 
demonstrated. Because of the tumor-like proliferations in extramedullary blood- 
forming organs and because of the low respiration and marked formation of 
lactic acid in the surviving tissues, it is much more likely that leukemia is a 
tumor rather than a simple .systemic hyperplasia of tlie blood-forming organs. 

O. Sathir. 

Effect of the Hormone of the Sufrarenal Cortex on the Genital 
System. S. Kabi^xn. Frankfurt. Ztschr. f. Path. 44:302, 1932. 

From a series of experiments, the author concludes that the hormone of the 
suprarenal cortex has an inhibitory effect on the genital .system of both tlie male 
and the female. The lipoid component of the hormone, however, had, to a slight 
degree, a stimulating effect on the sex organs of the male. q Svihiir 


InTR.XTHYROID rAR.\TIIYROin Tu.MOR AND GeNERAI.I7.ED FiBROCYSTIC OsTEITIS. 

H. ScHLESiNGER aiul E. GoLD. Kliu. Vchnschr. 12:784, 1933. 

The conditions indicated by the title were observed in a woman aged 42. The 

onset of the disorder was associated with pregnancy. After surgical excision of 

the parathyroid tumor, the excretion of calcium in the nrine diminished transiently 

to 7ero. T- TT 

Edwin F. Hirsch. 

FuxmoN.vTiNr. Itsihomogeneous Testicle (Cat) Transplant Surviving Eight 
liEARs. B. Romeis, Klin. Wchnschr, 12:1640, 1933, 

The surviving tissues were mainly Leydig cells. Edwin F Hirsch 


Bone Changes in Experimental Acidosis. L. Haslhofer and R. P. Custer, 
Virchows Arch. f. path. Anat. 289:3.32, 19.33. 

Katase and his co-workers, by the administration to growing young rabbits of 
an excess of cane sugar in .addition to the regular diet, caused osseous changes 
that they considered similar to those of osteitis fibrosa and that they believed" to 
be the result of acidosis caused by the high intake of carbohydrates. In the 
experiments here reported, growing rabbits received 3.5 Gm. of dextrose sub- 
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cutaneously twice daily for periods of from thirty-three to eighty-five days. The 
primary and essential changes that occurred in the bones were similar to those of 
human and experimental rickets. The fifarotic changes described by the Japanese 
observers, the present authors hold to be secondary and the result of mechanical 
factors acting on the weakened bones. t- <- 

U. 1. Schultz. 


Experimental Coronary Sclerosis. W. Mosebach, Virchows Arch. f. path 
Anat. 289:647, 1933. 

Pfleiderer, working in Schmidtmann’s laboratory, showed that it is possible to 
produce tj^pical atherosclerosis of the coronary arteries in rats by combining the 
feeding of cholesterol and vitamin D (viosterol) with daily exercising of the 
animals in a treadmill. The purpose of the present work, which was also done 
in Schmidtmann’s laboratory, was to evaluate the role of the three factors, 
cholesterol, vitamin D and functional activity, in the development of the coronary 
sclerosis. It was found that neither work alone nor work combined with the feeding 
of cholesterol caused disease of the coronary arteries. Vitamin D is riecessao^' 
it can be replaced by epinephrine but not by irradiation of the animals. 

O. T. Schultz. 

Tissue Culture of Synovial Membrane. E. Vaubel, Virchows Arch. f. 
path. Anat. 289:670, 1933. 

After a brief review of the varying opinions that have been and are still held 
regarding the histologic structure and nature of the synovial membrane and the 
origin of synovial fluid, the author presents the results obtained by tissue culture. 
Cultures of serous membranes and other mesenchymal tissues from the same animal, 
the rabbit, were also studied. Synovial membrane is mesenchymal in origin, but 
in culture it differs in type of growth and in cell function from other mesenchymal 
tissue. The actively growing cells are elongated and have a granular cytoplasm, 
the granules staining deeply with toluidine blue and neutral red. The cells form 
a syncytial network in which appear spaces formed by plasmolysis brought about 
by a proteolytic enzyme. About the spaces the cells become polyhedral or cuboidal 
and may form a closed, regular layer similar to epithelium. The spaces are filled 
with a mucoid fluid, and the network of tissue with its fluid-filled spaces has the 
appearance of embryonic mucoid tissue. ♦ The fluid is looked on as the ground 
substance of the synovial tissue. Coalescence of the spaces leads to the formation 
of the joint cavity. Because of the specialized hinctions of the ’growing cells 
derived from synovial membrane, the author proposes for them the name 
“synovioblast.” q_ j Schultz. 


Physiology of the Hypophysis. J. B. Collip, H. Selye and D. L. Thompson, 
Virchows Arch. f. path. Anat. 290:23, 1933. 

In this article Collip and his associates at McGill University present a succinct 
and well organized summary of experimental work on the hypophysis that has 
appeared in briefer form in American and Canadian Journals. They describe a 
method of approach for the removal of the liypophysis through the base of the 
skull that does not necessitate opening of the pharynx and that they consider 
superior to other operative procedures. The rat has been the experimental animal. 
With hypophysectomized rats as the test object, it has been possible to’ study the 
effects of various extracts of the pituitary. It has been possible to separate at 
least three active principles, a growth hormone, a sex hormone and a thyrotropic 
hormone. Still another principle, which prevents or overcomes the atrophy of the 
suprarenal cortex which follows removal of the hypophysis, they believe to be 
distinct from the other three hormones. They present evidence that prolan, the sex 
hormone isolated from the urine of pregnant women, is not identical with the 
pituitary sex hormone. In sexually immature rats, prolan causes theca luteimzation 
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of the ovarian follicles but not maturation of follicles or the formation of true 
corpora lutea, whereas the selc hormone prepared from the pituitary does have the 
two last named actions. In the male animal, prolan causes hyperplasia of the 
interstitial tissue of the testis and increase in the size of the accessory sex glands, 
but does not lead to regeneration of the tubular epithelium. The pituitary sex 
hormone effects regeneration of seminal epithelium and renewed spermatogenesis. 
Hypophysectomy during the second half of pregnancy indicates that the pituitary 
is not necessary for the continuation of pregnancy, the normal birth of the young 
and the initiation of milk secretion. In such animals lactation, although established, 
ceases within a few days of the birth of the young. In the normal, nonpregnant 
female, administration of prolan followed by castration leads to the secretion of 
milk. If, in such animals, the hypophysis is also removed at the time of castration, 
lactation does not occur, q -j- Schultz. 

Influence of Cytotoxins on the Growth and Metabolism of Tissue 

Cultures. N. N. Spassky, Ztschr. f. Immunitatsforsch. u. exper. Therap. 

77:d6S, 1932. 

Two types of cytotoxic serums were employed, one of which was produced 
by immunizing rabbits with splenic tissue of guinea-pigs; the other was directed 
against the tissues of chick embryos. Some of the serums arrested or inhibited 
the growth of the homologous tissues. The cellular metabolism, as measured by 
the decrease of the sugar content of the culture, was only moderately lowered. 
This indicates that the damage to the cells of the tissue culture was not very 
far-reaching and, furthermore, that the amount of energy necessary 'for the 
maintenance of vital activities is much greater than the amount consumed for 
growth. Davidsohn. 


Quinine and Ultraviolet Rays. O. Jirovec and Y. Bouse, Ztschr. f. 
Immunitatsforsch. u. exper. Therap. 78:100, 1933. 

The toxicity of solutions . of quinine, acriflavine, eosin and pyronine for para- 
mecia did not increase following irradiation of the solutions with ultraviolet rays. 
This contradicts the reports of Roskin and Romanowa, who had observed a marked 
increase of the toxic effect of quinine on paramecia following irradiation. 

I. Davidsohn, 


Combined Action of Arsphenamine and Ultraviolet Rays on Spirochaeta 
Pallida. S. S. Orlow and L. B. Lewinson, Ztschr. f. Immunitatsforsch. 
u. exper. Therap. 78:264, 1933. 

Rabbits were given combined treatment with arsphenamine and ultraviolet rays 
after the development of primary syphilitic lesions. The fur on the abdomen was 
removed^ and an erythema’ dose given (usually from three to five minutes at 
25 cm.) immediately after the injection of neoarsphenamine and again on the follow- 
ing day. The result was a marked increase in the therapeutic effect and a shorten- 
ing of the period of illness. The spirochetes in the primary lesion disappeared 
^rlier than iq the controls. The toxic effect of the drug was not increased. 

r ow and Lewinson advocate a wider application of the combined treatment in 
the clinic. 

I. D.A.VIDSOHN. 


FAMmiAL Occurrence of LEUKEaMiA. Svend Petri, Acta path, et microbiol. 
Scandinav. 10:330, 1933. 

thirty-three cases of familial leukemia are 
turn eleven are beyond doubt. The lymphatic type occurred in twenty- 

ces. There was an average of three cases in a family. The author adds a 
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report on chronic lymphatic leukemia in two brothers. There is no evidence of 
hereditary transmission of leukemia, although there is some endogenic factor 
associated. The presence of infection or of a common external agent could not be 
ruled out. The possibility of mere coincidence in “familial” leukemia must be 
considered. Lymphatic leukemia occurred in 85 per cent of related persons, while 
myelogenous leukemia occurred in nonrelated persons. Jacob K n 


Pathologic Anatomy 

Coronary Ejibolism. O. Saphir, Am. Heart J. 8:312, 1933. 

The literature on coronary embolism is reviewed and the rarity of such an 
occurrence emphasized. Cases in which the source of the embolism is not found at 
autopsy should not be accepted as proved cases of coronary embolism. Three cases 
of coronary embolism are reported. In one, the source of the embolism was a throm- 
bus in the femoral vein ; there was also'a patent foramen ovale. In the second case, 
the source of the embolus was a mural thrombus in the right coronary artery, 
occurring on the basis of an atheromatous ulcer. The embolus had lodged in the 
distal part of this artery at the origin of the posterior descending branch. In 
the third instance, the source of the embolus which had occluded the mouth of the 
right coronary artery was a thrombus occurring on an atheromatous ulcer in the 
region of the sinus of Valsalva. In all three instances the patients died suddenly. 

Author’s Sumsiarv. 


AIultipLe Rupture of the Heart by Indirect Trauma. O. Swineford, 
Am. Heart J. 8:418, 1933. 

A unique instance of multiple rupture of the heart caused when an automobile 
struck the patient from behind is presented. One rupture was of the interven- 
tricular septum, one was of the anterior wall of the right ventricle and one was of 
the interauricular septum. 


Relationship of the Rheumatic Process to the Development of Altera- 
tions IN Tissues. Alvin F. Coburn, Am. J. Dis. Child. 45:933, 1933. 

The observations at necropsy are presented in six cases of rheumatic fever in 
the active stage. The diagnosis was established in each instance by the charac- 
teristic early specific lesion in the endocardium of the mitral valve and left atrium. 
The conspicuous lesions, however, consisting of numerous focal hemorrhages in 
the viscera and beneath the serosal surfaces, might be considered as nonspecific, 
but are here looked on as specific also. In the lungs were focal areas of vascular 
engorgement, subpleural and alveolar hemorrhage and massive accumulations of 
large mononuclear cells. Polymorphonuclear leukocytes were rarely seen, and 
micro-organisms were not detectable in these lesions. There were no apparent 
changes in the blood vessels. These anatomic findings indicate that in addition 
to the well recognized swelling of endothelium and fragmentation of collagen, 
diffuse hemorrhagic changes may be characteristic of the active rheumatic process. 

Ralph Fuller. 

Cysts and Diverticula of Intestinal Origin. Henry G. Poncher and 
Georges Milles, Am. J. Dis. Child. 45:1064, 1933. 

A case of enterogenous cysts of the mediastinum containing gastric mucosa and 
an intramesenteric cyst of the ileum containing gastric mucosa is reported. Atten- 
tion is redirected to the epithelial nodes and diverticula reported by Lewis and 
Thyng as a probable source of origin for these rare anomalies. 

From Authors’ Summary. 
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Niesiaxn-Pick’s Disease and Other Forms of So-Called Xanthomatosis. 

Ludwig Pick, Am. J. M. Sc. 185:601, 1933. 

The knowledge of the generalized essential xanthomatoses is still recent in its 
present classification. The important information regarding the nature of Gaucher’s, 
Niejrnann-Pick’s and Hand-Schiiller-Christian’s diseases dates back only to the 
last decade. There is, however, no doubt in regard to the principal differences 
among these three conditions. The separation of these three storage diseases 
from one another is the more certain because the differentiation is not onlj^ 
clinical and anatomic but also chemical. Gaucher’s disease stores mainly kerasin; 
Niemann-Pick’s disease, phosphatides, and Hand-Schiiller-Christian’s disease, 
cholesterol. It is true that certain features are common to all three diseases. In 
particular, there is a familial congenital disturbance of the lipoid metabolism on a 
constitutional basis, and this aberration shows predilection for the Jewish race. 
The reason for this is probably the coincidence of the determining hereditary 
factors favored by frequent blood marriages. All three diseases are accompanied 
by hemachromatosis with yellowish-brown pigmentation of the exposed skin. In 
all three diseases, disappearance of the storage cells may occur, with the subsequent 
formation of fibrous scars. Gaucher’s disease and Hand-Schuller-Christian’s dis- 
ease exhibit surprisingly independent localization of lipoid storage within the 
skeletal sj'stem. This occurs apparently in still another form, which is at present 
still classified among the unnamed essential xanthomatoses. Yet there is, aside 
from this fundamental agreement, almost always a particular ‘ characteristic for 
each disease entity. Gaucher’s disease and Niemann-Pick’s disease predominate in 
the female sex; Hand-Schuller-Christian’s disease predominates in the male sex, 
as far as the existing observations show. In Gaucher’s disease and in Niemann- 
Pick’s disease the cicatricial new formations develop in the liver, with disappearance 
of the storage cells directly by a sort of insidious condensation of the fibrous stroma. 
In Hand-Schuller-Christian’s disease, however, and also in the unnamed xan- 
thomatoses of the bone there is formation of granulation tissue. In Gaucher’s 
disease the osseous form of the disease is e.xceptional. In Hand-Schuller- 
Christian’s disease and also in the unnamed xanthomatoses of the bone, it is the 
rule and the leading symptom. In Hand-Schuller-Christian’s disease the skull is 


involved primarily; in Gaucher’s disease and in the xanthomatoses of the bone, the 


entire skeleton. 


Author's Summary. 


Tuberculous Vegetations of the Trunk of the Pulmonary Artery. 
P. Gross, Am. J. Path. 9:17, 1933. 

A third case of tuberculous involvement of the main stem of the pulmonary 
arter}' has been described. The tuberculous involvement in this case is the result 
of the extension of tuberculous lymphadenitis from adjacent lymph nodes to the 
adventitia and thence to the intima of the pulmonary artery. 

Authors’ Summary. 

AIicroincineration Studies of Human Coronary Arteries. D. Y. Ku, 
Am. J. Path. 9:23, 1933. 

The method of incineration was employed in the stud}' of the smaller divisions 
of the coronary arteries in si.xty-two patients ranging in age from new-born infants 
to persons aged 79. Ash was demonstrated in all, but in variable amounts. The 
smallest amount was found in the arteries of new-born infants. This amount 
gradually increased during the first, second and third decades, apparently as a 
corollary of normal growth. The increase in the amount of ash after the third 
decade was definite, but was without regularity of progress. This total variation, 
associated with individual variation, was probably the result of arteriosclerosis in 
these higher age groups. It was found also that rheumatic fever nodules and leukemic 
infiltrates increased the amount of ash. The ash of coronary arteries is derived 
principally from the clastic fibers, but also in small part from the intima, media 
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and adventitia. This should be regarded as a normal finding, but not of necessity 
as a precursor of arferiosclerosis. The ash is composed almost entirely of calcium 
salts, but the manner in which these salts are bound to the elastic fibers is not 
Icnown. As the quantity of elastic tissue increases normally and as it increases as 
a part of arteriosclerosis, there is an increase in the amount of ash. It is suggested 
but not proved that alteration in quantity and quality of elastica may have some 
bearing on the calcification that occurs in the course of arteriosclerosis. 

Author's Summary, 

AIetastatic Calcification in Myelogenous Leukemia. D. A. Desanto 
Am. J. Path. 9:105, 1933. 

A case is reported of metastatic calcification occurring in a young girl whose 
history indicated that she had had myelogenous leukemia for at least two years. 
The term is employed to designate a condition in which calcium is mobilized from 
the depots in the bones and reprecipitated in other tissues of the body, particularly 
elastic tissues, which are probably physically constituted to favor calcium adsorption 
and reprecipitation. Calcium deposition is also seen to be favored by any phe- 
nomenon which reduces the acidity of the tissue fluid. Hence, metastatic calcifica- 
tion occurs in the tissues in which a change in the alkaline direction likely occurs. 
Recent evidences mentioned show that the leukemias are rarely associated with 
osteolytic changes in the skeleton, and this infrequency probably explains the 
rarity of metastatic calcification as a finding in leukemias. Finally, the identity 
of this condition with the calcifications occurring after the administration of para- 
thormone and viosterol is reaffirmed. Author’s Summary. 

Amyloid Disease of the Kidneys. E. T. Bell, Am. J, Path. 9:185, 1933. 

A study of sixty-five cases of amyloid disease of the kidneys is reported. These 
are arranged in four groups corresponding roughly with the degree of glomerular 
involvement. In groups A and B the symptoms are essentially those of the under- 
lying infection, and with few exceptions albuminuria or edema is the only symptom 
referable to the kidne 5 's. In group C there is some impairment of renal function, 
and in group D there is evidence of advanced renal insufficiency. Albuminuria is 
rarely absent, but the amount of albumin does not indicate accurately the extent 
of the amyloid deposit. Edema is a variable feature with no evident relation to the 
degree of renal damage. Hypertension is occasional!}' found in amyloid disease 
with renal insufficiency. It is probably due to obstruction in the arteriolar and 
glomerular circulation. Renal insufficiency is a frequent cause of death. It is 
caused chiefly by amyloid deposits in the glomerular capillaries, but obstruction 
of the tubules by casts and amyloid deposits in the medulla, around the tubules 
and in the arterioles, is often an important factor in the production of uremia. In 
the glomeruli amyloid is deposited on the inner surface of the capillary basement 
membrane. Endothelial nuclei are frequentlj' displaced inwardly and become 
scattered through the am}doid. The capillaries usuall}' become greatly distended 
with amyloid, and they may remain permeable in the presence of massive deposits. 
The glomerular epithelium degenerates and is desquamated. There is commonly 
a definite increase of endothelial nuclei in the glomerular capillaries preceding the 
deposit of amyloid. This is attributed to the underlying infection. It is not 
sufficiently prominent to be identified with clinical acute glomerulonephritis. 
Amyloidosis is a special form of renal disease. There is no advantage in classifying 
it as nephrosis. A sharp distinction between nephrosis and nephritis has not been 
established. Am 3 doidosis is a primary renal disease. It is rarely a complication 
of a preexistent clinical renal lesion. Author’s Summary. 

Spontaneous Rupture of the Heart. R. L. Benson, W. C. Hunter and 

C. H. Manlove, Am. J- Path. 9:295, 1933. 

Forty cases of rupture of the heart have been collected from nearly 7,000 autop- 
sies in Portland, Ore. One rupture was probably of syphilitic origin. Another, a 
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dissecting aneurysm of a. sinus of' Valsalva, was due to endocarditis caused by 
Streptococcus viridans. The remaining 38 ruptures, although in some instances 
manifesting evidence of syphilis, were attributable to recent or old thrombosis, 
embolism or arteriosclerosis of the coronary arteries. Authors’ Summary. 

The Cellular Reaction in Tuberculosis of the Cornea. E. R. Long, 

S. W. Holley and A. J. Vorwald, Am. J. Path. 9:329, 1933. 

Central interlamellar corneal injections of from 0.01 to 0.005 mg. of moderately 
virulent tubercle bacilli of human type were made in a series of normal and 
tuberculous guinea-pigs, and normal rabbits and cats. Animals of each kind were 
killed at six hours, one, three and fourteen days and one month, and the nature 
and extent of the inflammatory response were determined by microscopic exam- 
ination. In all cases the first reaction noted was at the limbus, and not at the site 
of injection. The reaction consisted of an outpouring of polymorphonuclear leuko- 
cytes from the marginal vessels. It was most intense in the tuberculous guinea- 
pig (tuberculin reaction), less in the normal guinea-pig, still less in the rabbit 
and least in the cat. The first cellular reaction at the site of injection in the 
center of the cornea consisted of leukocytes migrating in from the margin. The 
reaction was well developed in all animals at twenty-four hours, and the cells 
taking part were almost exclusively polymorphonuclear leukocytes. After twenty- 
four hours there was a gradual increase in the proportion of large mononuclears 
in the reaction. The rate of increase rose with the closer approach of blood 
vessels, as vascularization of the cornea developed. The paucity of these cells at 
the earlier stages and the abundance in the vascularized state of the cornea seemed 
good evidence that the large mononuclear leukocyte in corneal tuberculosis is not 
locally derived, as formerly claimed. In all animals the large mononuclears, as 
they reached the site of infection, engulfed the polymorphonuclear leukocytes already 
there, taking over the tubercle bacilli contained by the latter cells. During the 
period from three days to two weeks after the injection the inflammatory reaction 
progressed most rapidly in the tuberculous guinea-pigs, and less rapidly in the 
normal guinea-pigs, rabbits and cats in the order named. Ulceration occurred in the 
tuberculous guinea-pigs in two weeks, and these animals were dropped from the 
series at this point. At one month, the time of the last examination, the intensity 
of inflammatory reaction, as determined by the size of the lesion and the proportion 
of the cornea involved, was greatest in the guinea-pig, less in the rabbit and least 
in the cat. This order is in inverse relation to the general resistance of these 
animals to the strain of tubercle bacillus used. Authors’ Summary. 

The Origin of the Epithelioid Cell in Tuberculosis of the Cornea. 

E. R. Long and S. W. Holley, Am. J. Path. 9:337, 1933. 

Infection of the center of the rabbit cornea with tubercle bacilli of human type 
resulted in a lesion characterized almost solely by polymorphonuclear leukocytes 
until tlie arrival of new capillaries, when a rapid replacement of the polymorpho- 
nuclears by mononuclear phagocytic cells occurred. When two infecting doses 
were placed in the same cornea, one at the margin near the normal blood supply 
and one in the normally avascular center, the replacement of polymorphonuclears 
by large mononuclears occurred weeks earlier in the lesion close to the limbus. 
The mononuclears accounting for this replacement and functioning in the subsequent 
development of the lesion apparently arose from primitive smaller mononuclekr 
cells present in large numbers in and around the walls of the new capillaries. The 
source^ of these cells could not be determined with absolute certaint}', but the 
following observations were evidence that most of them came from the blood 
stream: Cells of similar character were present among the erythrocytes in the 
lumens of the blood vessels in great excess of the normal proportion; migration 
fibres of similar cells could be seen in the walls of the growing capillaries, and 
mitotic figures among them were rare. The primitive cells, after accumulating 
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in and around the walls of the capillaries, underwent a progressive transformation 
by simuhaneous increase in size and change of character, without mitosis, into 
epithelioid cells. 

Authors’ Summary. 


Fibrosis of the Uterus. A. B. Baker, Am. J. Path. 9:369, 1933. 

With the advance of age, there occurs within the uterine wall a gradual increase 
of collagenous fibers that ultimately replace the greater part of the muscle. Neither 
localized nor acute systemic processes have an}"- effect on the uterine wall. Chronic 
diseases have no effect on the uterine wall of young nulliparas, but hasten the 
fibrotic process in older nulliparas. The uterine arteries show less pronounced 
change with age than the uterine muscles. The three alterations most commonly 
found are medial fibrosis, medial calcification and intimal atherosclerosis. There 
is no satisfactorj'' evidence that either fibrosis of the uterine wall or increase in 
elastic tissue following pregnancy is responsible for uterine hemorrhage. 

Author’s Summary. 


Seven Prehistoric American Skulls with Complete Absence of an 

External Auditory Meatus. A. Hrdlicka, Am. J. Phys. Anthropol. 

17:355, 1933. 

Complete congenital absence of the external auditory meatus and of the tympanic 
bone was observed in seven skulls of pre-Columbian or old American aborigines. 
These are the first cases of this nature recorded in persons of this race. The 
anomaly predominates in females, at least five and probably six of the seven 
subjects having been of that sex; it is unilateral in all the specimens, and in every 
one of the seven skulls it exists on the right side. Five of the skulls are from 
the coast of Peru; one is from a mound in Arkansas, and one from a cave in 
New Mexico. Two of the five Peruvian skulls come from one moderate-sized 
burial ground, which suggests close relationship. The anomal}', serious as it is, 
has produced remarkably few effects on the base of the skull ; yet some effects are 
visible. One of these is a perceptibl}’’ smaller development in nearl}’’ all of the 
skulls of the petrous portion on the affected side; another is the absence of the 
styloid process on the side of the defect in most of the skulls ; the third is the 
presence on the abnormal side, in about the midst of the glaserian fissure, of one 
or two canals, in some cases of fair size, which are absent on the sound side. The 
left meatus, while of normal conformation in all the cases, in the majority is of 
submedian capacity, and in one skull, that of a child, its lumen is decidedly sub- 
normal. The anomaly presented by the specimens here reported can be character- 
ized, it seems, onl}"^ as “agenesis,” due either to some germinal defect or to a 
weakened influence of the trophic nerve centers. It shows such similarity in the 
relatively large series of cases here reported that it must be regarded not merely 
as a chance condition, but as a definite syndrome or unit of agenetic nature. 

Congenital Cystic Disease of the Lung. William C. Pollock and 

Horace P. Marvin, Am. Rev. Tuberc. 27:59, 1933. 

Congenital cystic disease of the lung is believed to be a definite disease entity 
of rare occurrence. The cystic condition is secondary to a congenital narrowing 
of the main bronchus or bronchi of the involved lobe or lobes. The cystic changes 
are usually more or less stationary, but may be progressive under certain condi- 
tions. Usually there is only a congenital defect of the bronchus of one lobe, more 
frequently the upper lobe. In these cases there may be extensive cystic changes 
of the entire lobe without symptoms. When more than one lobe is involved, con- 
ditions of pulmonary stress by hyperphysical activity may cause a progression oi 
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the cj'stic disease until such symptoms as dj'spnea and cough develop. Cystic 
disease is usuallv discovered accidentally by' routine examinations. It should not 
be confused with congenital bronchiectasis, as there are no dilatations of the bronchi 
of the cystic lung. H. J. Corper. 


Cutis G.•^^UREX0SA. H. Gci and X. R. Heumbold, j\.rch. 

Dermat. & Syph. 27:224, 1933. 

Nocardia was found in blood and tissue culture from a patient with a fulminat- 
ing gannrenous lesion of the breast. Histologic section showed parenchymatous 
and interstitial edema in the dermis, with a few polymorphonuclear leukocytes. 
The deeper vessels were thrombosed. There was a wide zone of perivascular 
infiltration comprised predominately of polymorphonuclear leukocytes with a 
scattering of lymphocytes, monocytes and plasma cells. A moderate diffuse infiltra- 
tion of the same character was present in the papillary' zone. [Minute foci of 
coagulation necrosis of collagen occurred throughout the section. The elastic tissue 
was swollen but not disarranged. Gram-Weigert preparations revealed foci of 
filaments of Nocardia near the vessels, and, in one instance, in a thrombosed vessel. 
The patient had lost 60 pounds (272 Kg.) prior to the onset of the dermatosis. 
Bloody' diarrhea was present, with ulceration of the rectum and sigmoid. The 
condition was interpreted as an embolic process with dissemination by way of the 
blood stream, perhaps in this case from the gastro-intestinal tract. 

S. W. Becker. 


Subcutaneous Fat Necrosis of the New-Born. Howard Fox, Arch. 

Dermat & Syph. 27:237, 1933. 

Five cases are reported of localized induration of the subcutaneous tissue in 
young infants, presumably' following trauma subsequent to forceps delivery or to 
violent measures for resuscitation. The lesions persist for from five weeks to five 
months and disappear. The disease involves the entire subcutaneous tissue, sparing 
the epidermis and dermis. The process is essentially' a necrosis of the fat cells 
and an infiltration of epithelioid and giant cells. Needle-like crystals in the form 
of rosettes or sheaths, possibly composed of fatty acids, are found in the fat cells 
and in the giant cells. The picture is that of a lipophagic granuloma which under- 
goes. first, cicatricial organization, and. later, complete restitution to the normal 
condition with the formation of new fat. The condition must be distinguished from 
sclerema adiposum, sclerema edematosum and scleroderma. Sclerema and sclero- 
derma are much more serious diseases, although many' cases in the literature prior 
to the last decade reported under these names were probably' cases of subcutaneous 


tat necrosis. 


S. W. Becker. 


Localiz-ation .and Development of the Hel.anic Cells of the Human 
Cerebellum. J. Ar.ano\tch, Semana med. 2:927 (Sept. 28) 1933, 

Aranovich states that in the lateral region of the fourth ventricle in the cere- 
bellum of the human being there exists a nucleus of melanic cells, the so-called 
subependymal-laterocerebellar nucleus. The nucleus is pigmented during the first 
months of life and presents morphologic differences from the cells of the locus 
caeruleus and from those of the locus niger. Under normal conditions, the cells of 
the nucleus are large and rich in pigment and have a well defined nucleus and nucle- 
olus. Similar to other melanic cells, those of the laterocerebellar nucleus undergo 
characteristic changes in the course of Parkinson’s disease (reduction and deforma- 
tion of the cells, decrease of the pigment, deformation of the nucleus and disappear- 
ance of the nucleolus). The clinical and anatomicopathologic study of a case of 
Parkinson’s disease is reported. 
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Pathologic Chemistry and Physics 

A Reducing Substance in a Chromopiiilic Adenoma and in the Normal 
Anterior Pituitary. T. J. Putnam and H. B. Wilcox, Am. J. Path 
9:649, 1933. j m. 

A substance reducing meth 3 ’lthionine chloride, U. S. P. (methjdene blue) has 
been demonstrated in the normal anterior lobe of the pituitary gland and its extract, 
and in larger amounts in a chromophii adenoma. None was found in a chromophobe 
adenoma. . , „ 

Authors’ Summary. 


Melanogenesis with Reference to Sulphydrils and Protamines. H. J. 

Ropshaw, Am. J. Physiol. 103:535, 1933. 

The experiments reported here support the view that melanogenesis is an intra- 
cellular process and a physiologic function of the pigment cell. It results from 
the reaction of C 3 'stine on protamine, and so in the skin is limited to the epithelial 
la 3 'er — the only one which contains sulphydril compounds. Formation of melanin 
is an evidence of a phase of nuclear metabolism — the cleavage by which protamine 
is freed to diffuse into the cytoplasm, with the cystine-cysteine complex serving 
as an indicator of this reaction. In the c 3 'toplasm the cystine is present within 
glutathione, and the protamine in the chromatin. Both are freed by enzyme 
cleavage and react to form melanin when brought in contact. A similar reaction 
takes place in vitro, progressing rather slowly because of tbe gradual oxidation 
of cysteine. It does not occur in an oxygen-free medium, and apparently requires 
the presence of iron as a catalyst — found in the skin in the protamine. The black 
precipitate formed in these circumstances becomes white in time, which suggests 
that melanin may be excreted as colorless succedaneous products. Acidit 3 " prevents 
the reaction, and Ropshaw suggests that there may be a relation between this 


and albinism. 


H. E. Eggers. 


The Question of a Pressor Substance in the Blood in Essential Hyper- 
tension. G. E. Wakerlin and H. D. Bruner, Arch. Int. Med. 52:57, 1933 . 

The action of thirt 3 ' blood serums from patients with essential hypertension 
and of fifteen serums from patients with normal blood pressure on the tone of 
arterial segments from the mesenteric arteries of cattle was studied. No significant 
differences were found in the vasoconstricting properties of these serums. The 
results suggest that there is no peripherally acting pressor substance in the blood 
of patients with essential hypertension. Some evidence was obtained for the 
residence of a spontaneous rh 3 "thmic motor activit 3 " in arterial musculature deprived 
of its extrinsic innervation. Authors’ Summary. 


Minerals in Silicotic Lungs. W. R. Jones, J. Hyg. 33:307, 1933. 

The bulk of the mineral residue found in the lungs examined consisted of 
minute fibers of sericite, a hydrated silicate of aluminum and potassium. The 
same mineral was found in the rock dust inhaled. Silica in the uncombined state, 
quartz, was also found in the residue. However, silica in the uncombined state 
was not the chief cause of silicosis in these cases. The fibrous minerals present 
seemed to have hastened the process of silicosis, and their presence in the rock 
appears to be of more importance than the presence of the quartz. 

Edna Delves. 


A Urinary Compound of Albumin, Bence-Jones Protein, PsEUDOGLOBimiN 
and an Unknown Antigen, W. H. Welker and L. Hektoen, J. Infect. 
Dis. 53:165, 1933. 

The urine of a patient with myeloma contained a compound of albumin, 
pseudoglobulin and Bence-Jones protein and an unknown antigen. The Bence- 
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Jones protein could aiot be separated from this compound in pure form by boiling 
■or by attempts at crj'stallization. Individual precipitins in rabbit serum prepared 
against the compound and against solutions of substances obtained on attempts at 
cn-stallization were removed by specific adsorption. Authors’ Summary. 

Estimatiox of Tissue Phenols, if. I. Smith, Pub. Health Rep. 48:1487, 1933. 

A method has been described for the quantitative estimation of true phenols, 
free and conjugated, applicable to all body tissues and fluids. The tissues of the 
normal rabbit (oat and cabbage diet) were found to contain less than 1 mg. per 
hundred grams of tissue and usually not much over 0.5 mg. of what might be 
regarded as true phenols. In phenolorthocresol poisoning, phenols were found in 
appreciable amounts in all the tissues -examined. In acute lethal poisoning, free 
phenol was found in concentrations ranging from about 7 to 26 mg. per hundred 
grams of tissue, the lowest \alue being found in skeletal muscle and the highest 
in the kidney. Conjugated phenols were not found in appreciable amount any- 
where. In subacute poisoning, conjugated phenols were found in all the tissues 
examined, with the exception of the central nervous system, which showed little 
■or no combined phenols. These observations suggest that tlie function of phenol 
conjugation is not limited to any one tissue, although it seems to occur pre- 
dominantly in the kidnej-, liver and intestine, while the brain and probably also 
the spinal cord appear to be devoid of this function. As much as from 6 to 
8 mg. of free phenol per hundred grams of' tissue was found in the central nervous 
system of the rabbit following the administration of a toxic but nonfatal dose 

■of phenol. Author’s Summary and Conclusions. 


Immunology of Caseins, il. L. Demanez, Arch, internat. de med. exper. 8:233, 
1933. 

Biologic tests of the caseins from cows, goats and ewes indicate a great 
similarity in the immune reactions. The caseins of women and mares are quite 
-distinct from the preceding \-arieties. Casein is a mixture of several proteins, 
which cannot be distinguished in biologic tests. The specificity' of casein is 'not 
modified by heat or the action of iodine. In this it differs from protein of blood 
serum. Jacob Klein. 


Specificity of Fibrinogens. 1^1. L. Dem.anez. Arch, internat. de med. exper. 
8:255, 1933. 

There has been a divergence of opinion as to the immunologic properties of 
tlie fibrinogens of the different mammals. By precipitin and absorption tests, 
the author has tested the fibrinogens of the pig, horse, sheep and cow, and con- 
cludes that the fibrinogens of different zoologic species possess only a limited 
specificih'. . '■,- 

Jacob Klein. 

Histochemic.^^l and Mineralogic-al An.alysis of Dust P.akticles in 
Pneumonoconiosis. K. F. Scheid. Beitr. z. patli. Anat. u. z. alle. Path. 
89:93, 1932. 

For identification of dust particles in fifty lungs, these methods were used: 

examination of frozen sections of fresh tissue, incineration at from 450 to 500 C., 

tests with chemical reagents (acids, alkalis), refractometric methods and polari- 

scopy. The characteristics of carbon, graphite, magnetite, pyrite, hematite, lime. 

silicon dioxide and muscovite are described. From the biologic point of view, two 

forms of dust must be distinguished: (1) minerals which are readily dissolved bv 

the tissue like lime and siderite and (2) minerals which are deposited in the tissue 

(silicon dioxide, carbon, rutile and glimmer). r" Att- - tt 

» L. Alexander Hellwig. 
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Spherical Microliths of Bile. G. Lemjiel and W. BuirricER, Beitr. z. padi. 

Anat. u. z. allg. Path, 91:19, 1933. 

A'licroscopic formed particles of variable size, shape, structure and composition 
were described many years ago in the bile of the gallbladder. Only recently have 
these microliths begun to attract attention in the current literature. The authors 
limit their discussion to the spherical microliths, the morphology of which they 
describe and illustrate by photomicrographs. These microliths have a laminated 
and often radially striate structure. The smallest ones have a small center and a 
highly refractile outer portion, and are light green. Larger ones are darker and 
consist of layers of refractile ground substance separated by thinner layers of 
bile pigment. The authors interpret the increase in size and the lamination as 
evidences of growth and age. The presence of older microliths may, therefore, 
indicate pathologic alterations in the biliarj'^ passages that are no longer evident 
at the time of examination. Older microliths may show the effects of the action 
of bile on their superficial portions. q ^ Schultz 


Quantitative Spectrographic Deter mi.vati on of Gold in Tissues. 
Werner Gerlach, K. Ruthardt and L. Prusener, Beitr. z. path. Anat. 
u. z. allg. Path. 91:617, 1933. 

Gerlach’s seventh contribution to the elementary chemical analysis of tissues is 
devoted to gold. There is described a spectrographic method that permits rapid 
quantitative as well as qualitative estimation of gold. Similar methods for copper, 
lead and manganese are promised. The advantages and possibilities of the spectro- 
graphic method are discussed. For the histochemical detection of gold in tissues, 
the method of Timm was found to be best, but it failed to reveal small quantities 
that coujd be readily determined by the method of spectral analysis. 

O. T. Schultz. 

Hyperproteinemia in !Myeloma. M. Bonninger, Deutsche med. Wchnschr. 
59:770, 1933. 

A 52 year old man who was ill with generalized myeloma was found to show 
a marked tendency to coagulation of the blood. This Avas so extreme that it was 
impossible to count red cells with Haj'em’s solution (mercuric chloride, 0.5 Gm. ; 
sodium sulphate, 5 Gm. ; sodium chloride, 1 Gm., and distilled ivater, 200 cc.). 
The serum ivas thick and tenacious like acacia, and the blood corpuscles were 
markedly clumped. There was an increase of the euglobulin in the serum. The 
urine contained traces of albumin and no Bence-Jones protein. Jacob Klein. 

Effect of X-Rays on the Lungs and Heart. M. I. Karlin and B. N. 
Mogilnitzky, Frankfurt. Ztschr. f. Path. 43:434, 1932. 

The authors believe that too little attention is paid to the possible damage 
of vital organs in cases of prolonged roentgen treatment of carcinoma of the 
mammary glands, lungs and other organs. In reviewing the literature, they 
found a divergence of opinion concerning this possibility. In dogs that were 
treated with various doses of roentgen rays, peribronchial and perivascular con- 
nective tissue proliferations and epicardial thickenings were found. Bronchopneu- 
monia and necrotizing bronchitis Avere also encountered. Occasionally hemorrhages 
Avere seen, especiallj’’ pronounced in the perii'ascular spaces and beneath the endo- 
cardium. The authors conclude that possible damage of the heart and of the lungs 
in the human being treated Avith roentgen rays over a long period of time must 
be considered. O. Saphik. 
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I^'CRZASE i.v Phosphatide ix Xieiiaxx-Pick’s Disease. E. Epsteix, Klin. 

Wchnschr. 12:56, 1933. 

The saturated and unsaturated phosphatide contend of the spleen, _ liver and 
brain cells are greatly increased over the normal in Xiemann-Piclc's disease. In 
the brain and liver there is a marked increase in the ratio of free cholesterol to 
cholesterol ester. D. O. Rosb.ash. 


^vxthe^i^ oy Eric -Ecid xx Birds. W . Schuler and W . Reixdel, E-lin. 
Wchnschr. 12:1479, 1933. 

The precursors in the synthesis of uric acid in pigeons and geese are found 
in the liver. Their formation is an enzyme process with an optimum temperature 
of 41 C. and an optimum pa of 7.6. The nitrogen sources of the precursors are 
amino-acids above ammonia but not beyond urea. Precursors may be eiitracted 
from muscle, but a fermentation formation has never been demonstrated- The 
formation of uric acid in the kidney is optimum at pn 7.1. 

Authors’ Sumiiarv. 

Detectiox of Thorium ix Tissues. W. Gerlach, Virchows Arch, f- path. 
Anzt 287:135, 1932. 

The author gives a brief discussion of the spectrographic detection of thorium 
in tissues. The thorium lines, at 2,832 and 2,837 angstrom units, are czsy to 
detect because they He between the prominent magnesium lines that all tissues give. 

O, T. Schultz. 

Distributiox of Immuxe Bodies ix the Proteix Fr.\ctioxs of the Serum, 
A. A. Schmidt and Klara Tuljtschixsk.aj.a, Ztschr. f. Immunitatsforsch. 
u. e.xper. Therap. 79:311, 1933. 

The proteins of the serum were precipitated with a saturated solution of 
ammonium sulphate. Agglutinins of the tj-phoid bacillus were present predomi- 
nantly in the euglobulin fraction and to a lesser degree in the pseudoglobulin 
fraction. Antisheep hemoh'sins of rabbit serums and complement-fixing antibodies 
of human sj'philitic serums rvere found almost entirely in the euglobulin fraction. 
The albumin fraction did not contain any of the mentioned antibodies. 

I. D.avidsohx. 


Chemical Exasii.v.\tio.x of the Spleex ix Gaucher’s Disease. H. Hat, 
Ztschr. f. Kinderh. 55:12, 1933. 

The spleen from a person with Gaucher’s disease was examined chemically and 
found to contain from 8 to 9 per cent kerasin. The sterin and phosphatide content 
was less than normal. A normal spleen examined by the same chemical method 
showed no noteworthj' amount of cerebrosides. The chemical examination con- 
firmed the clinical diagnosis of Gaucher's disease. Jacob Kleix 


Microbiology and Parasitology 


Blood Cultures ix Chroxic Arthritis. E. F. Tr.\ut, J. Infect. Dis. 52:230, 
1933. 

SeventA'-one per cent of thirtj'-eight patients with chronic arthritis j'ielded 
primarily bacillarj- or diplococcic forms in forty-one instances and coccoid forms 
in chains in three instances. These bacteria had the characteristics of enterococci. 
On isolation the earliest colonies resembled the G colonies of Hadley. The 
essentials of successful blood cultures in chronic arthritis are prolonged cultivation, 
faultless technic, suitable culture mediums and the recognition of pleomorphism" 
and dissociation. . , _ 

Authors Summary. 
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Hemoglobinophilic Bacilli from Infantile Meninigtis. B E Eddy T 
Infect. Dis. 52:242, 1933. ' 

The gram-negative hemoglobinophilic bacilli of infantile meningitis grew most 
luxuriantly^ on blood agar when first isolated from the spinal fluid. Apparently 
some constituent of the spinal fluid is especially favorable for their growth. All 
strains required blood in the medium even after two years’ artificial cultivation. 
All strains examined produced indol, and a medium to which tryptophan was 
added was found to enhance growth greatly. The sugar fermentations of the 
hemoglobinophilic bacilli confirmed the observation of Rivers and Kohn ivith the 
exception of one strain. All of the strains of hemoglobinophilic bacilli studied were 
uniformly pathogenic for j’oung white rats and nonpathogenic for chickens. 

Author’s Summary. 

Pleomorphic Organism Showing Rel.-\.tionships Between Staphylococci 
AND Actinomycetes. M. V. Novak and A. T. Henrici, J. Infect. Dis. 52: 
253, 1933. 

A yellow staphylococcus was recovered from triturated, Berkefeld-filtered 
cultures of an actinomycete after incubation for five weeks at room temperature. 
This organism was culturally and morphologically identical with staphylococci on 
ordinary routine mediums. On dextrose agar, rods and branching filaments 
developed from the coccoid forms. Filaments or rods reverted to cocci when 
transferred again to plain agar. Smooth and rough colonies were obtained from 
cultures of the yellow staph 3 dococcus. Rods and coccoid forms appeared in both 
smooth and rough colonies. A G t 3 ’^pe culture was obtained from aged broth 
cultures of the organism. The elements in the G culture ranged in size from very 
minute to normal. These G forms demonstrated no filamentous properties and 
were strictly bacterial in nature. It is suggested that the observations support the 
theory that the staph 3 dococci are related to the actinom 3 'cetes. 

Authors’ Summary. 

Bacteriologic Investigation of the Blood in Rheumatic Fever. B. R. 
Callow, J. Infect. Dis. 52:279, 1933. 

Diplostreptococci (alpha t 3 '^pe) and pleomorphic bacilli may be recovered 
repeatedly from the blood of patients with rheumatic fever and certain diseases 
mostly of the upper respiratory tract. These organisms apparent^' represent stages 
in the life cycle of the same organism. A specific etiologic relationship between 
these organisms and rheumatic fever is questioned. Author’s Summary. 


Differentiation of Bovine and Porcine Strains of Brucella Abortus 
Based on Dissociation. B. S. Henry, J. Infect. Dis. 52:403, 1933. 

A method for the differentiation of strains of Brucella abortus of bovine from 
those of porcine origin, based on the size relations of the R and S colonies in 
the two strains, is presented. In the porcine strains the R colonies are smaller 
than the S colonies, whereas the reverse is true in the bovine strains. 

Author’s Summary. 


The Biology of the Fermenting Sarcinae. J. Smit, J. Path. & Bact. 36: 
455, 1933. 

The occurrence of different fermenting sarcinae (brought together into the 
genus Zymosarcina) in natural materials has been studied, and the morphology 
and biology of these forms are dealt with. The sugar_ metabolism of Zymosarcina 
ventriculi and Zymosarcina maxima has been examined. Comparison of their 
vitality in pure cultures with that under natural conditions leads to the view that 
the coccal form of sarcinae represents a sensitive form of the organism which dies 
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■out in a few days, and grows out irreversibly from a stable form, in which sarcinae 
universally occur and keep alive for long periods in natural materials like soil, sand 
and bran of cereals. The e.-cternal shape of this form has not up to now been 
determinc-cL Author's SuitJLA.RY. 

The Photodynamic Actio.v of ilETHYLEXE Blue ox Bacteriophage, J, R. 

Pept)hau and C. Todd, Proc. R03'. Soc., London, s. B 112:277, 1933. 

The concentration of 1 :100,000 of methylthionine chloride, U. S. P. (methylene 
blue) in a broth filtrate of a bacteriophage specific for Staphylococcus Imueger pro- 
duced the complete inactivation of the Ijlic principle on exposure to light for eight 
minutes. This phenomenon did not take place in the absence of oxygen. Other 
strains of bacteriophage -which were examined v.'ere less susceptible. Higher 
concentrations of methj'lthionine chloride were less effective, probabK- because of 
the absorption and loss of light in the upper layers of fluid. The inactivating 
action of the light employed v.-as limited to the wavelengths absorbed bj' a solution 
of methylthionine chloride. Attempts to reactivate the bacteriophage by reduction 
were not successful. A protecting action by the corresponding living organism 
was observed. Killed organisms had no such effect. The protective action was 
not stricth' specific as it was e.xhibited b3' certain heterologous bacteria. 

L. E. Shixx. 


The Photodynamic Action of kfETiiYLEXE Blue on Cert.ain Viruses. 

J. R. Peedrau and C. Todd, Proc. R03'. Soc., London, s. B 112:288, 1933. 

The viruses of vaccinia, herpes, fowl plague, thorter ill, Borna disease, 
Fujinami’s tumor and canine distemper, in cell-free fluids, were inactivated b3’’ a 
concentration of 1 ; 100,000 of methylthionine chloride, U. S. P. (meth3'lene blue) 
on suitable illumination for a few minutes. The viruses of foot and mouth disease 
and of infectious ectromelia were more resistant As with bacteriophage, ox3'gen 
v/as essential for the inactivation. The viruses of herpes, Boma disease and 
fowl plague were protected by the presence of living cells from the infected animal. 
Onl3' a slight protection was observed in the case of \'accinia and no protection in 
the case of thorter ill. The development of the specific lesions of vaccinia and 
herpes could be prevented by suitable treatment with methylthionine chloride and 
light within from twelve to twenti'-four hours after inoculation. 

L. E. Shinn. 

Tuberculous Bacille.mia. John Ckieein, Tubercle 14:163. 1933. 

From 190 tubes inoculated with blood according to Ldwenstein's method, and in 
addition on Holm and Schwabacher’s mediums, obtained from 17 cases of advanced 
pulmonarv- tuberculosis, no positive results were obtained. The patients had 
adranced cases with repeatedh' positive sputum and well marked and severe toxic 
sv-mptoms. Most of the patients died within from one to five months from the 
commencement of the investigations; onh- four are still alive. 

H. J. CORPER. 

Tuberculous Bacteremia, J, Troisier, T. de Sa.nctis Monaldi, R. Cattan 
and Mme. Kourilsky, Ann. InsL Pasteur 49:614, 1932. 

With the Loewenstein technic for the cultivation of tubercle bacilli from the 
blood stream, organisms were recovered “in the course of nontuberculous infec- 
tions," viz., a streptococcic septicemia, an acute pneumonia that was cured without 
sequelae and a meningocoede meningitis. The organisms were of the human 
type, thereby excluding avian organisms from the eggs used in the culture medium. 
It seemed probable that these organisms arose from latent foci, which might mean 

either apathogenicit3' or the oriein of active processes. T,r e 

‘ -M. O- AlARSHALL. 
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Syphilis in Guinea-Pigs. J. van Haelst, Ann. Inst. Pasteur 49:778, 1932. 

Inoculation of guinea-pigs with material rich in spirochetes was successful 
lesions appearing in four weeks and lasting from two to eight weeks. The lesions' 
es^cially after several passages, consisted of papules, nodules and ulcerations, 
rich m organisms and keratitic, which may have been metastatic. The author 
prefers for the present to consider syphilis as a localized disease in this animal. 

From Author’s Conclusions. 

Cataract in Rabbits Exposed to Herpes. S. Nicolau and Mme. L. 

Kopciowska, Ann. Inst. Pasteur 50:117, 1933. 

“In resume, four cases of cataract were observed in rabbits during the course 
of immunization or in rabbits already immunized against herpes virus, of which 
one appeared to illustrate the fortuitous localization of the organism in the 
crj'stalline lens, since the opacification in this case appeared at the peak of the 
disease. In the other three cases, on the contrary, the cataract could probably be 
interpreted as trophic trouble at a distance, consequent on changes in the nerves. 
However that may be, we have thought it of interest to report these cases which 
ma}'' perhaps suggest the origin of certain human cataracts, in which a neurotropic 
virus is involved in provoking nerve lesions.” 


Spontaneous Tuberculosis in Animals. A. Calmette, Ann. Inst. Pasteur 50: 
148, 1933. 

Spontaneous tuberculosis in rabbits and guinea-pigs has been observed from 
Koch’s time to date. A review of the literature, combined with the extensive 
work with BCG vaccine, has given the author many data for observing the 
practical aspects of this problem and the dangers in experimental work with 
tuberculosis. Virtually all stages of tuberculosis appear to occur frequentl}^ some 
so delayed that they frequently are not observed. This fact explains the individual 
differences observed in animals housed together, all tuberculous, and some showing 
a t 3 'pe of infection much different from others. There is no fundamental difference 
between the guinea-pig, the rabbit and other susceptible animals and man with 
regard to this infection. 5. Marshall. 

Blood Culture of Tubercle Baciili. E. Lowenstein, Ann. Inst. Pasteur 
50:161, 1933. 

A method of blood culture, used extensively by the author in Vienna, consists 
of a rather complete concentration method, starting with citrated blood, and finally 
inoculation of a medium consisting of eggs, asparagine solution, potatoes, Congo red 
and malachite green. Organisms were cultivated from various forms of tuber- 
culosis, from acute and chronic polyarthritis, from early cases of chorea and even 
from patients with dementia praecox. Marshall. 


The Tuberculous Ultravirus. G. Sanarelli and A. Alessandrini, Ann. 

Inst. Pasteur 50:167, 1933. 

Some of the general conclusions by the authors from an exhaustive study of 
the so-called ultravirus by the collodion sac method are : The ultravirus passed 
collodion filters in vivo and in vitro. The pathogenicity of filtrates made either way 
was too weak to cause nodule formation. Cultivation was accomplished, though 
not easily, by using the pulp of organs of animals of the second or third passage. 
The peritoneal cavity of animals infected through a sac revealed bacterial forms, 
“tuberculous protogens.” From these forms, on proper medium, developed typical 
tubercle bacilli, but cultures were frequently sterile. Such recovered organisms 
were feebly pathogenic, but by repeated growth recovery of virulence was rapid. 
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Inoculation of guinea-pigs with protogens resulted in characteristic, chronic, fatal 
processes, with inflammatory or caseogenous anatomic changes, absence of visible 
tuberculous granulomas, and the frequent presence of acid-fast rods. The idea of 
the existence of a complex cycle in the life of the organism was considered to be 
confirmed. M. S. Marshall. 


New Studies ix Experisiextal Syphilis. C. Levladiti, A. Yaismax’, M. R. 

ScHOEX and J. G. Mezger, Ann. Inst. Pasteur 50:222, 1933. 

In an extensive report three phases of the subject are considered. Regarding 
the question of ivhether Spirochaeta pallida is only one visible phase of a complex 
cycle, it is stated: “Although new investigations are necessary to complete our 
knowledge of the evolutionary cycle of the syphilitic virus, one may admit as very 
plausible, without being definitely demonstrated, the concept of the existence of an 
infravisible phase in the evolution of Spirochaeta pallida.” This chapter serves as 
a preface to a study of neurosyphilis in monkeys and rabbits, witli careful his- 
tologic study, in which evidence was found that cyclic phases of strains, some more 
neurotropic than others, occurred in the parenchyma of the nerve. The third 
point at issue concerns the possible avirulence of the “pale spirochete” in the 
spirochete stage : “The preceding observations, added to those recently reported b}' 
Jahnel, Prigge and Rothermundt, make us hesitate to subscribe to the concept of 
the avirulence of the pale spirochete, ingenious and original as it may be.” 

M. S. Marshall. 

The Dog axd the “Buttox Fever” Virus. Paul Duraxd, Arch. Inst. 

Pasteur de Tunis 21:239, 1932. 

The dog was studied as a potential reservoir for this typhus-like disease, 
apparently transmitted to man by the dog tick. In some instances experimental 
infection was induced, with a positive Weil-Felix reaction. Dogs showed little 
or no reaction, but successful transfer to man (fever therapy in dementia praecox) 
was accomplished by subcutaneous injection of dog’s blood. 

M. S. Marshall. 

The Desigxatiox “Fievre Boutoxxeuse,” Charles Nicolle, Arch. Inst. 

Pasteur de Tunis 21:347, 1932. 

“At different times, my lamented friend E. Conseil and I have been concerned 
with the emploj'ment of new and varied terms to designate the disease described 
for the first time b 3 ^ A. Conor and A. Bruch, in Tunis. I have demanded, more- 
over, that the term exanthematic fever should not be used to designate a particular 
disease, but the family of diseases of which the historic exanthematic typhus is the 
oldest and best known, ‘button fever’ being classed in this same familjc The 
First Congress of Mediterranean Hygiene, meeting at Marseilles on Sept. 20 to 
25, 1932, which counted among its members present most of those who in recent 
years have advanced our knowledge of ‘button fever,’ J. Fieri, Et. Burnet, Paul 
Durand, D. and J. Olmer, G. Blanc and J. Caminopetros, Plaz 3 % Mercandier and 
Pirot, Pecori, Combiesco, etc., has adopted the following resolution : 

“It [the Congress] is of the opinion that the denomination ‘button fever’ {fievre 
hoidonneiise), already employed, should be retained to designate the disease, 
described for the first time by Conor and Bruch in Tunis and discovered at 
various points around the Mediterranean basin, especially in Marseilles b 3 ’- Olmer, 
in Italy and in other countries. The term ‘exanthematic fever’ should be reserved 
for the group of diseases of which exanthematic typhus is the type and of which 
button fever is a part. 

Thus is definitively established the excellent term under which the Tunis 
doctors recorded, in 1910, this new disease of the group of exanthematic fevers.” 
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Appendicitis and Angina. L. Aschoff, Beitr. z. path. Anat. u. z. alk Path 
87:481, 1931. 

Aschoff studied the relation of angina to a^ute appendicitis by bacteriologic 
investigation of the bacteria responsible for each condition. In about 70 per 
cent of cases of acute appendicitis the etiologic organisms are the anhemolytic 
streptococci Enterococcus A and B. In angina the predominating organism was 
found to be a hemolyzing streptococcus (60 per cent). Common to both was 
the presence in a small percentage of cases of the pneumococcus. Aschoff 
emphasizes that for each site the foregoing organisms are normal inhabitants, 
and that an inflammatory attack is due to a local increase in virulence. K 
sequential relation between angina and appendicitis in view of the disparity of the 
bacteriology is denied. 

Congenital Tuberculosis of the Lung Due to Aspiration of Amniotic 
Fluid. AI. Siegel, Beitr. z. path. Anat. u. z. allg. Path. 90:503, 1932. 

A premature infant, whose mother died of pulmonary tuberculosis two days 
after the birth of the child, died at the age of 19 days. Symptoms of pneumonia 
developed four days before death. Both lungs were the seat of a widespread 
tuberculous bronchiolitis and caseous pneumonia. The process is considered a 
primary lesion that resulted from the aspiration of amniotic fluid containing 
tubercle bacilli. q Schultz. 

Experimental Tuberculosis of the Pancreas. A. von Veres, Beitr. z. path, 
Anat. u. z. allg. Path. 90:673, 1933. 

The reported rarity of tuberculous involvement of the pancreas in generalized 
human tuberculosis led to the experiments here reported. Intraperitoneal, sub- 
cutaneous or direct intrapancreatic inoculation of guinea-pigs was followed by 
tuberculosis of the pancreas. The author concludes that pancreatic tissue offers no 
especial resistance to tuberculous infection and that more careful histologic exam- 
ination of the pancreas in human tuberculosis would reveal a greater frequency of 
involvement of this organ than has been reported. q_ Schultz. 

The Cultivation of the Virus of Inguinal Lymphogranuloma. Kurt 
AIeyer and H. E. Anders, Klin. Wchnschr. 11:318, 1932. 

Cultures were prepared from human lymphogranuloma exudate, the procedure 
of Maitland being used, and the virus was propagated in passage. The liquid 
culture was inj ected into guinea-pigs in the inguinal region. In half of the animals, 
changes occurred in the inguinal glands and in one instance in an associated iliac 
gland which corresponded to the changes in human glands. If identification of an 
infectious disease is acceptable by means of histologic methods, then the cultiva- 
tion and propagation of the virus of lymphogranuloma of the inguinal glands 
appears possible. David O. Rosbash. 

Detection of Tubercle Bacilli in Circulating Blood. A. Axen, Klin, 

Wchnschr. 11:1949, 1932. 

No tubercle bacilli could be isolated from the blood of diseased guinea-pigs 
or human beings, or from tonsillar tissue. The discrepancies between the results 
of this experiment and those obtained by Lowenstein could not be attributed to 
differences in technic or in the culture medium employed. p O. Rosbash. 

Bacillemia and Bacilluria in Tuberculosis. H. Deist, Klin. Wchnschr. 
12:26, 1933. 

From 287 patients, including 213 women with all forms and stages of tuber- 
culosis, 18 children with different localizations of the disease, 36 mature patients 
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with extrapulmonary tuberculosis, and 30 nontuberculous patients, tiie author 
obtained 4 positive cultures from the blood of 3 patients with tuberculosis, 
employing Lowenstein’s method. Culturing urine daily for twenty-five days from 
31 patients having neither vesical nor renal tuberculosis resulted in 12 positive 
and 19 negative results. D. 0. Rosbasii. 

HEjtATOGENOus INFECTION OF THE ToNsiLS. C. Krauspe, Vircliows Arcli. f. 

path. Aiiat. 287:139, 1932. 

Previously reported results of experimental work had led the author to conclude 
that the tonsils may be involved by way of the blood stream and that the resulting 
involvement is often not to be readily distinguished from such as occurs by way 
of the exposed surface of the tonsil. The present communication is based on the 
histologic examination, in serial sections, of the tonsils of eleven children and 
fourteen adults who died of a variety of acute infectious diseases. The tonsils of 
twenty-five children whose death was not due to acute infection were also 
examined, but somewhat less thoroughly. In most of the cases of infection, 
especially in children, the tonsils revealed inflammatory reactions that the author 
interprets as the result of hematogenous localization. The earliest stages were 
noted in and about the arterioles of the follicles and in the subepithelial capillaries. 
Necrosis and abscesses were frequently observed. The bacteria could usually be 
demonstrated in the lesions. Streptococci were the most important invading 
organisms in children. In both children and adults, localization of bacteria in 
the subepithelial capillaries led to inflammator 3 ' foci not to be distinguished from 
primary crypt infections. Involvement of the tonsils was seen in one case of 
t 3 'phoid and one of bacterial glomerulonephritis. q_ Schultz. 

Value of Animal Inoculation in the Diagnosis of Undulant Fever. 

H. Lotze, Virchows Arch. f. patli. Anat. 287:162, 1932. 

As an aid in the diagnosis of infections by Bacillus abortus, Lotze stronger 
recommends animal inoculation. For each inoculation he uses two full-grown 
guinea-pigs, one male and one female. The nonagglutination of the organism by 
the blood of the animals should be determined prior to tlieir use. The material 
to be inoculated is injected subcutaneously at the bedside of the patient. The 
character of the material used is not stated; presumably it is blood. The diagnosis 
may be established within from three to seven days after inoculation by per- 
forming an agglutination test with blood withdrawn from the inoculated animals 
by heart puncture. The temperature curve of the animals is diagnostic at the 
latest by the fourth week after inoculation. The diagnosis may be further 
established in the fifth week b 3 " the macroscopic lesions of the inoculated animals. 

O. T. Schultz. 

Paralytic Dementia as a Spirochetosis. W. K. Nelezky, Virchows Arch, 
f. path. Anat. 288:346, 1933. 

The brains of twenty unselected and untreated persons with progressive paralysis 
were subjected to microscopic study with special reference to the presence of 
spirochetes and to the numerical relationship of the latter to the clinical course of 
the disease. The organisms were demonstrated in fifteen (75 per cent) of 
the brains. Exclusion of brains with arteriosclerotic softening and of the 
brains of those who died of acute infection with high fever increased the 
positive percentage to 100. The number of typical and degenerated spirochetes 
bore a direct relation to fatal seizures and to the duration between the latter and 
the time of death. The seizures of paralysis are the result of periodic increase 
m the number^ of spirochetes in the cerebral cortex. During such periods of 
increased multiplication, the organisms may appear in the circulating blood. 
Death due to marasmus may be preceded by an increase in the number of 
organisms without any definite change in the characteristic symptoms of the 
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disease. When death followed a seizure, many of the spirochetes were partly 
lysed and many had been phagocytosed. Lysis predominated over phagocytosis. 
The latter process was by the cells of the mesoglia, which the author considers a 

part of the reticulo-endothelial system. ^ c- 

O. T. Schultz. 

Phagocytic Activity of Capillary EndotheliUjM. W. Klostermeyek 
Virchows Arch. f. path. Anat. 288:703, 1933. 

Although some observers have ascribed to ordinary capillary endothelium the 
capacity for vital storage, the weight of opinion would limit this phenomenon to 
the^ reticulo-endothelium in the narrower sense. The difference in the phagocytic 
activity of the two kinds of endothelium may be due to differences in surface 
tension or in electric charge. To investigate the latter possibility, the electric 
charge of bacteria was altered. But when such bacteria were injected into mice 
they were not more readily taken up by the capillary endothelium of the lung 
than were untreated bacteria. If the animals were sensitized with either a 
specific or a nonspecific antigen, the capillary endothelium of the lungs took up 
bacteria as readily as did the reticulo-endothelial system. q -p 


Purulent Meningitis Due to Bacillus Enteritidis. P. Rieper, Virchows 
Arch. f. path. Anat. 289:301, 1933. 

Meningeal s}'mptoms developed in a 3J4 month old nursling seven days before 
death. Bacillus enteritidis was grown in pure culture from the spinal fluid during 
life. The total duration of the illness was twenty-six days ; it began with a furuncle 
of the buttock, which was followed by furuncles on other parts of the body. Five 
previously reported cases of meningitis due to B. enteritidis are summarized; 
all occurred in young nurslings. q Schultz. 


An Unusual Bacterium in Abscesses of the Brain. Willy Bender, 
Zentralbl. f. Bakt. (Abt. 1) 122:469, 1931. 

Four patients with abscesses of the brain revealed an unusual type of bacterium 
as the causative agent. The micro-organism was found in pure culture either in 
the cerebrospinal fluid or in the abscesses, showed marked variations from coccus 
to rod forms, did not ferment the usual sugars and was gram-negative and non- 
motile. The author suggests the name Bacterium alternans. 

Paul R. Cannon. 

The Fate of Parenterally Introduced Bacteriophage in the Body. 
P. Smirnow and M. Goldin, Zentralbl. f. Bakt. (Abt. 1) 122:512, 1931. 

Bacteriophage against the dysenter}'- bacilli of Shiga and of Flexner was 
injected subcutaneously or into the testes of guinea-pigs and its presence in the 
various organs determined. It disappeared from the blood, liver, kidneys, lungs, 
brain, testes and intestine within from one to three days following subcutaneous 
injection, but persisted in the lymph nodes and spleen for from thirteen to seventeen 
days. V^en injected directly into the testes it persisted there for two weeks. 
When the bacteriophage, however, was injected subcutaneously into guinea-pigs 
previously immunized against it, it could be recovered within twenty-four hours 
onl}’^ from the liVer, spleen and lymph nodes and had disappeared from these 
organs at the end of forty-eight hours. Paul R. Cannon. 


Immunology 

The Respiration of Phagocytosis. C. W. Baldridge and R. W. Gerard, 
Am. J. Physiol. 103:235, 1933. 

By means of the AVarburg manometer, the respiration of leukocytes during 
phagocytosis was studied. A constant increase in oxygen consumption was observed 
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during this activitj-, the rise beginning at once, reaching a maximum value of about 
t\vice that of the inactive state in about fifteen minutes and ending in from ninetj' 
to one hundred and fiftj' minutes. The main burst of extra respiration lasted from 
ten to fifteen minutes, after which the maintained level was relatively little above 
the control \'alue. The authors believe that this phase may represent the liberation 
of extra energj' in digestion, tlie earlier and greater rise being that of engulfment. 

H. E. Eggers. 

Ax Unusual Blood Group. M. if. Wilhelm and E. E. Osgood, Arch. Int. 

Med. 52:133, 1933. 

A subgroup (Bi) of group B is described which is characterized by a serum 
that agglutinates 33 per cent of group B cells and 47 per cent of group O cells and 
by cells which are agglutinated by 43 per cent of group B serums. From absorp- 
tion experiments the characteristics of this serum may be explained by the presence 
of a single extra agglutinin in the group Bi serum and of a corresponding single 
agglutinogen occurring in some of the cells in each of the three groups (A, B 
and O) tested. Previouslj* reported subgroups are summarized in a table. Pre- 
cautions necessary to prevent accidents are outlined. Authors’ Summary. 


Antipoliomyelitic Serum from ifoxKEYS. Frederick Ebersox, J. Immunol. 

24:433, 1933. 

Macacus rhesus monkeys were apparentlj' immunized against the virus of 
poliomj-elitis by a series of subcutaneous injections of a culture of an organism 
cultivated from Berkefeld N filtrates of poliomyelitis virus. The protection con- 
ferred was measured by the neutralizing power of tlieir serums for poliomyelitis 
tdrus. In two instances the resistance of tlie monkeys to intracerebral injection 
of the virus was also tested. The serums neutralized the poliomyelitis virus in vitro 
completely or in part. The two intracerebral inoculations showed that the monkeys 
had become resistant to infection by this route. During the course of immunization 
with the livdng cultures one animal contracted typical poliomyelitis. In an earlier 
series of exiieriments three monkeys showed symptoms and signs of tj'pical abortive 
infection. The cultures used were in the twenty-fourtli subplanting and represented 
a dilution of the original virus material of approximately 2x10'^®. The results 
are discussed with reference to a possible survival of any hypothetical adsorbed 
virus and with reference to the viability of the ■vurus as compared with the cultures 
at incubator temperature. The experiments, it is believed, confirm further the 
previously reported observations (/. Lab. & Clin. Med. 18:565, 1933) on the 
possible relationship of this organism to the poliomyelitis virus. 

Author’s Summary. 


Agglutin.ation in Varicella. C. Russell Amies, Lancet 1:1015, 1933. 

The findings of Aragao and of Paschen that elementary bodies are present in 
the fluid of the vesicles of varicella have been amply confirmed. A method of 
preparing purified suspensions of these bodies is described. Such suspensions are 
specificall}^ agglutinated b\' the serum of patients convalescent from varicella. The 
results obtained in a series of sixtj'-one agglutination tests are recorded. The 
constant presence of the elementar}’ bodies in the fluid of the early vesicles and 
the fact that thej' are specifically agglutinated by the homologous antiserum are 
regarded as strong evidence in favor of the view that these represent the infecting 
agents of varicella. . , „ 

Authors Summary. 


Specific Lesions of the Kidney and Liver Induced by Cytotoxic Seruais 
M. Masugi, Beitr. z. path. Anat. u. z. allg. Path. 91:82, 1933. 

For his experimental investigation Masugi used the rat, whose small size 
makes it possible to use relatively large doses of antiserum. He ascribes the 
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negative and contradictory findings of the many investigators who have preceded 
him in this field to the fact that insufficiently large doses of serum were used when 
rabbits and dogs were employed as the experimental animals. The nephrotoxic 
and hepatotoxic antiserums were prepared in the rabbit, and a relatively high degree 
of organ specificity was obtained. In the kidney the primary damage produced by 
the nephrotoxic antiserum was to the glomerular capillaries and the afferent 
arterioles. In the liver the hepatotoxic antiserum manifested its primary effects 
on the vessels of the peripheral zone of the lobule, the small vessels of the inter- 
lobular tissue and the small branches of the hepatic artery. The vascular reaction 
was similar to that recently described by a number of observers in local hyperergic 
inflammation. The parenchymatous alterations are secondary to the changes in the 
vessels. The resulting lesions are like tliose of the kidney in human glomerulo- 
. nephritis and those of the liver in eclampsia, from which the author concludes that 
allergy, or antibod 3 '-antigen reaction in its wide sense, is the underlying factor 
in the pathogenesis of these two human diseases. q -p Schuitz 


Postmortem Changes in the Spinal Fluid. S. Sumegi, Frankfurt. Ztschr. f. 

Path. 44:283, 1932. 

Normal antibodies appeared in the cerebrospinal fluid about twenty-four hours 
after death. At first complement alone could be demonstrated, but later, about 
thirty-four hours after death, normal hemolysin was also present. The appearance 
of the normal antibodies is correlated with the increase in the amount of protein 
in the cerebrospinal fluid after death and also with the shift to the left of the 
precipitation zone of the colloid curves. Author’s Summary. 


Reactions of Tissue in Experimentally Sensitized Rabbits. K. Apitz, 
Virchows Arch. f. path. Anat. 289 : 46 , 1933. 

A series of twenty-four rabbits was sensitized with horse serum. At various 
intervals after sensitization the rabbits received a subcutaneous injection of the 
antigen, and notations were made of the resulting local Arthus reaction. The ani- 
mals then received a massive intravenous dose of the antigen. Seven died of acute 
shock, five more died after prolonged symptoms of shock, and twelve recovered 
and were killed at varying periods. The heart, liver, spleen and blood vessels were 
subjected to histologic study. The reactions described are in part degenerative and 
in part inflammatory. The degenerative reactions consisted of focal albuminoid 
degeneration and necrosis, followed by the deposition of calcium, which was noted 
especially in the liver and heart. Inflammatory proliferative and lymphocytic 
infiltrative reactions were noted, especially in the myocardium of the right side of 
the heart and in the blood vessels. Further mesenchymal reactions were large cell 
transformation of the spleen and the development of monocytic and myeloid cells 
in the liver. The development of the changes described is influenced by non- 
specific factors. Whether the mesenchymal changes are to be interpreted as a 
defense reaction the author was not able to determine from his experiments. 

O. T. Schultz. 

Lysis of Tubercle Bacilli in Sensitized Resistant Species of Animals. 
Philipp Spanier, Zentralbl. f. Bakt. (Abt. 1) 121 : 451 , 1931. 

The author maintains that the leukocytes of animals which are resistant to 
tuberculosis (the dog, horse and rat), when mixed with tubercle bacilli and kept 
for five daj's at 37 C., cause more granular degeneration of the bacilli than do the 
leukocytes of susceptible animals (the guinea-pig, the rabbit and man). He assumes, 
therefore, that the leukocytes of the resistant animals contain more tuberculolytic 
substance and are better prepared to liberate undenatured antigen from the tubercle 
bacilli. Dogs were infected intraperitoneally with a bovine strain of a virulent 
tubercle bacillus and were reinfected subcutaneously in a sterile abscess produced 



ABSTRACTS PROM CURRENT LITERATURE 


269 • 


by the injection of oil of turpentine with from 50 to 100 mg. of living tubercle 
bacilli. Acid-fast stains, made twentj'-four hours later, showed many granular 
forms of tubercle bacilli in the pus from the abscess. Cultures of this material 
were negative, and guinea-pigs which received injections of it remained healthy. 
Similar material from the abscess was diluted with a sterile salt solution and 
placed in sterile flasks, at 37 C., and 50 mg. of living tubercle bacilli was placed 
in it After one week the tubercle bacilli contained many granules, and many 
v.’ere no longer acid-fast. After from two to two and one-half months, cultures of 
this material were sterile. Observations "on pus from the abscesses of normal 
control dogs showed a persistence of tubercle bacilli in the mixture. The injection 
of the autob'sate from the previously infected dogs into tuberculous guinea-pigs 
caused a general tuberculin reaction. Similar material, autolyzed for two months, 
when injected into rabbits and guinea-pigs, caused rto tuberculosis. The possi- 
bilities of using such autolysates in immunization are being studied and will be 
reported on later. Paul R. Caxkok. 


The Shwartzmah Phenomenox. H. Gross, Zentralbl. f. Eakt. (Abt. 1) 122: 

%, 1931. 

Gross has confirmed most of Shwartzman’s observations concerning the 
Shwartzman reaction. He obtained the reaction with bacterial filtrates only and 
not with horse serum, broth or agar. The best results were obtained by injecting 
the “reacting^’ dose from twenty to twenty-four hours after the “preparatorj'” 
dose; no effect was produced with an incubation period of less than two hours or 
of more than thirtj'-six hours. Desensitization occurred if a bacterial filtrate was 
injected intravenously at the same time that the preparatory- dose was injected. 
The reaction could not be elicited in guinea-pigs, and Gross was unable to obtain 
it in the lungs, eyes and joints of rabbits. He concludes that the reaction is one 
of hypersensitivity, but that it differs from anaphylaxis or the .^rthus phenomenon. 

Paul R. Cax.vox. 


Role of the Skix ix the Form.\tiox ok Agolutixixs. A. Trawixski, 
Zentralbl. f. Bakd. (Abt. 1) 123:336, 1932. 

Portions of skin from rabbits highh' immunized against paratyphoid-enteritis 
micro-organisms were transplanted into normal rabbits whose blood serums con- 
tained no agglutinins before the transplantation. .Agglutinins soon appeared in the 
serum of the latter rabbits, the maximum titer being reached on the twelfth day. 
If the transplanted skin was injured b}' the induction of necrosis, the agglutinin titer 
of the blood serum dropped promptly, and if comparable amounts of skin from 
highly immunized rabbits were macerated and injected subcutaneously- into normal 
rabbits, only traces of agglutinin appeared in the blood serum. The author con- 
cludes that the agglutinins are not transferred passively in the transplantations of 
skin, but that thej- are produced locally in the skin of the rabbit because of the 
large amount of histioc 3 'tic tissue in the skin. Paul R C-vxxox 


Relatiox Betweex ax Acid or ax Alkalixe Diet axd Isimuxity: h . M. 

Boxaxxo, Ztschr. f. Immunitatsforsch. u. exper. Therap. 77:19, 1932. 

The acid-base equilibrium of rabbits and guinea-pigs yvas changed by feeding 
them with calcium and ammonium chloride, yvith sodium bicarbonate and with 
sodium citrate. An acid diet was followed bj- a decrease in the bactericidal and 
complementary qualities of the blood. A change in the normal albumin-globulin 
ratio in the blood was noted, there being a rise in albumin and a drop in globulin. 
An alkaline diet yvas yvithout effect. An acid diet impaired the abilitj- to produce 
immune agglutinins and to resist infection and increased the sey-eritj- of anaphylactic 
reactions. A modification of the diet in either acid or alkaline reactions led to a 
marked lowering of resistance to intraperitoncal infection yvith tubercle bacilli. 

I. Davidsohx. 
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Application of Recent Precipitation Reactions for the Demonstration 
OF Syphilis in Rabbits. F. E. Haag and W. Leven, Ztschr. f. Immunitats- 
forsch. u. exper. Therap. 77:25, 1932, 

The Kahn test gave uniformly negative results with diluted serums (1 : 10) of 
normal healthy rabbits. The reactions were positive in a considerable number of 
cases when undiluted serum was used or when the Kahn citochol or the Meinicke 
test was employed. Latent syphilis could not be detected by means of any of these 
tests. In the presence of an active infection the Kahn citochol test was the only 
one that produced a considerable number of positive reactions, but in view of the 
positive results in healthy rabbits no definite conclusions could be drawn. No 
differences were observed between the serum reactions of animals infected with 
syphilis and those of rabbits infected with frambesia tropica. The results con- 
tradict the report of Taishin Saito (Ztschr. f. Hyg. n. Infektioiiskr. 110:603, 1929), 
who claimed to have found in the Kahn test with diluted serum a means of diagnos- 
ing syphilis in the rabbit. The Kahn citochol reaction and particularly the second 
modification of the Mueller " Ballung” reaction were found very well suited to the 
diagnosis of syphilis in rabbits, but only after precipitation of globulins in the 
serum with diluted hydrochloric acid by the method of Sachs and Georgi. Triple 
and double dilutions had to be employed instead of the original tenfold dilution. 

I. Davidsohn. 


Serologic Specificity of Placental Tissue. G. F. de Gaetani, Ztschr. f. 

Immunitatsforsch. u. exper. Therap. 77:43, 1932. 

Serums of rabbits immunized with an aqueous suspension of human placental 
tissue reacted with placental e.xtracts and with human red blood cells. The material 
used for immunization was not free from red blood cells. No attention was paid to 
the blood group of the persons whose placentas were employed. Some organ 
specificity was present, as demonstrated by proper absorption experiments. A few 
of the serums also reacted with the placenta of the ox. From tlie fact that the 
albumin fraction of the antiserums was shown to contain the bulk of the antibodies, 
Gaetani concludes that the antibodies in the serum were of the Forssman type, but 


he admits that their source is probably in the red blood cells not removed from the 
placental tissue. No reaction took place with boiled placental tissue. Immune 
serums obtained with boiled placental tissue contained species-specific lipoid 


antibodies. 


I. Davidsohn. 


Oral Immunization with Virulent Staphylococci and Streptococci. 
Hans Winzeler, Ztschr. f. Immunitatsforsch. u. exper. Therap. 77:60, 1932. 

Guinea-pigs weighing from 230 to 280 Gm. were fed living or killed cultures of 
highly virulent strains of Staphylococcus aureus or Streptococcus haemolyticus. 
Some of the animals were treated with ox bile, a sodium salt of a bile acid or 
sodium benzoate previous to being given the bacterial suspension. When living 
bacteria were used, active immunity against subsequent parenteral injections of 
multiple lethal doses of Staph, aureus was obtained in seventeen of twenty-five 
animals. Dead bacteria only slightly increased the natural resistance. The immuni- 
zation with streptococci was not successful. The preliminary administration of 
bile or bile salts was not found necessary. j Davidsohn. 

Serologic Analysis of Egg White. M. Sharma, Ztschr. f. Immunitatsforsch. 
u. exper. Therap. 77:79, 1932. 

Immune serums produced in rabbits with boiled egg white reacted best m 
complement-fixation tests with the homologous antigen heated to 100 and to 80 C.; 
the fixation was either insignificant or absent with egg white heated to below 70 C. 
If the quantity of the antibody was increased, complement was fixed even with 
the raw antigen. A similar specificity prevailed in the immune serums produced 
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with raw egg white, which did not react with antigen heated above 80 C. Egg 
white heated at 70 C. occupied a middle position, being able, more than any other, 
to produce antiserum which under proper conditions reacted both with unheated 
and with boiled antigens, though here also the optimum fixation occurred with the 
homologous antigen. The absorption of complement-fixing antibodies in an immune 
serum obtained with boiled egg white was also best with the homologous antigen. 
Extracts of egg white prepared with 50 per cent alcohol fixed complement with 
some boiled egg white antiserums ; other alcoholic extracts failed to react. 

I. Davidsohx. 


Tumors 

Experimextai. Ei'itiieeiae Growths ix the Luxg After Ixsufflatiox of 

Tar. L. M. Schaead, Ztschr, f. Krebsforsch. 38:154, 1933. 

Schabad studied the effects of a single intratracheal insufflation of coal tar on 
the lungs of guinea-pigs, the animals being kept under observation up to fourteen 
months. There was an epithelial overgrowth of adenomatous type, with a stroma 
of inflammatory connective tissue; the growth could be dift'erentiated from adenoma 
by the lack of elastic tissue in the stroma. In regard to the sources of the 
epithelium, the author concludes that, in part, it is of bronchial origin; but 
the occurrence of similar lesions in the extreme periphery of the lung, far from 
direct bronchial communication, leads him to the belief that in part it may come 
from the alveolar linings, contrary to the usually accepted current view that these 
are not of epithelial character. He infers, with apparent justice, that some of the 
alleged experimental cancers of this organ reported after the use of tar are really 
the type of lesion he obtained. In these growths, there was no ground for assuming 
a malignant character; they never penetrated the pleura, nor were metastases ev’cr 
observed. Indeed, Schabad feels called on to explain why cancer did not occur; 
he lays little stress on the fact that guinea-pigs are notoriously immune to the 
cancerigcnic action of tar, and states that in his belief this property is lost soon 
after application to tissue, and that thereafter tar behaves as a relatively inert 
oil, so that repeated applications are necessary to exert a cancerigcnic effect. 

H. E. Eggers, 

Phosphatase ix Tumors. S. Edeeacher and Waldemar Kutscher, Ztschr. f. 

phj’siol. Qiem. 207:1, 1932. 

The activity of the nucleotidase in the liver and in tumors can be increased 
through acetone extraction of the tissues. The acetone extract contains an 
inhibitor of the nucleotidase. Cysteine, glutathione and hydrocyanic acid, as well 
as copper ions, inhibit the nucleotidase. The natural inhibitor is possibly identical 
with glutathione. The activation of nucleotidase in minced liver by hydrocyanic 
acid is explained by the high heavy metal content of this organ. It is suggested 
that the nucleotidase and arginase are heavy metal ferments. While the tumor 
hexophosphatase is as strongly inhibited by cysteine, glutathione and hydrocyanic 
acid as the nucleotidase, the liver hexophosphatase is only half as much inhibited 
by hydrocyanic acid as the nucleotidase and is only weakly or is not inhibited by 
cysteine and glutathione. Wilhelm C. Hueper. 

Hereditary Neurofiero,ma axd Diffuse Mexixgeal Gliomatosis. F. 

Harbitz, Norsk mag. f, Ixgevidensk. 93:841, 1932. 

In a case of neurofibroma and diffuse meningeal gliomatosis in a boy who died 
at the age of 9, Harbitz saw a threefold interest. The hereditary basis was 
marked; the child was the sixth of a family of nine children, of whom the five 
oldest had multiple neurofibromas. Recklinghausen’s disease in the mother, then 
19, was described by Harbitz in 1908. In addition to the peripheral neurofibroma, 
the patient had gliomatosis in the central nervous .system, with the starting point 
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probably in the cauda equina, and these two tumors are regarded as an outcome 
of the same constitutional factor, the case thus connecting neurofibroma in the 
peripheral nerves with gliomatosis in the central nervous system. The diffuse 
extent of the masses in the leptomeninges of the spinal cord and the brain was so 
pronounced that the cord and medulla seemed to be cast in tumors. 

Medicolegal Pathology 

Demonstration of Carbon Monoxide in the Exhumed Cadaver. Stanislaw 
Laguna, Deutsche Ztschr. f. d. ges. gerichtl. Med. 21:512, 1933. 

Reports in the literature indicate that carbon monoxide has been successfully 
demonstrated in the disinterred cadaver from fourteen to one hundred and tivent}'- 
two days after death. The author had occasion to exhume a body two hundred 
and ten days after death. In spite of the fact that the tissues were putrefying, a 
definite bright pink color was noted in the muscles, in some of the organs and 
in the pleural and peritoneal transudates. Spectroscopic examination of these 
transudates demonstrated the absorption band for carbon monoxide hemoglobin. 

Jacob Klein. 

Traumatic Intraperitoneal Rupture of the Urinarv Bladder. Stanislaw 
Laguna, Deutsche Ztschr. f. d. ges. gerichtl. Med. 22:14, 1933. 

A drunken woman, hospitalized on suspicion of poisoning, died four days after 
admission. At autopsy the abdominal cavity contained 2,500 cc. of a clear, straw- 
colored fluid. The peritoneum was hyperemic and covered with a fibrinopurulent 
exudate, particularlj'' on the wall of the bladder, which showed a midline tear 
5 cm. long. The history indicated that the patient had fallen while dancing and 
that her partner had accidentally stepped on the lower part of her abdomen. 

Jacob Klein. 

Fluoride Poisoning. M. Flamm, Deutsche Ztschr. f. d. ges. gerichtl. Med. 
22:21, 1933. 

A 22 year old workman in a brewery accidental!}' swallowed some 30 per cent 
hydrofluosilicic acid used as a disinfectant and was immediately seized with cramps, 
vomiting and diarrhea. He died four days later, after the development of con- 
vulsions, cyanosis and stupor. At autopsy there were destruction of the epithelium 
in the pharynx and esophagus, congestion of the larynx and trachea, marked edema 
of the lungs, bleeding and necrosis of the gastric mucosa, inflammation and 
punctate hemorrhages in the jejunum, acute toxic hemorrhagic nephritis and 
cerebral hyperemia and edema. The use of fluorides should be restricted and more 
strictly supervised. Jacob Klein. 


Group SPECiFiaiv of Spermatozoa. A. Schmidt and H. Eck, Deutsche Ztschr. 
f. d. ges. gerichtl. Med. 22:43, 1933. 

By means of agglutinin absorption tests it is possible to determine the blood 
group from spots of semen on linen, even after from two to three years. The 
spermatozoa belong to the same blood group as the person’s blood. This is of 
practical medicolegal significance. Jacob Kxein. 


Subgroups Ai and A= in Investigations of Paternity. Erik Wolff and 
Bengt Jonsson, Deutsche Ztschr. f. d. ges. gerichtl. Med. 22:65, 1933. 

A determination of subgroups Ai and A» is readily made by the glass slide 
test with a standard 1 per cent erythrocyte suspension, the readings being both 
macroscopic and microscopic. In children A: cannot be determined before the 
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age of 6 months. Studies in 883 cases of doubtful paternity confirm the four gene 
hypothesis of blood group heredity. A table has been compiled which gives the 
blood groups of the mother and child and indicates the groups which eliminate a 
person as the possible father. Moreover, given a father with a certain blood 
group, that of the mother and child may be determined. The forensic importance 
of subgroups is emphasized, especially groups Ai and Ai and if X. 

Jacob Kleix. 


Spontaneous Ruptuke of an Aorta with Mucoid Deoenekation of the 

ilEDiA. Fritz Hellner, Deutsche Ztschr. f. d. ges. gerichtl. Med. 22:86, 

1933. 

A 49 year old man collapsed while lifting a heavy barrel and died shortly 
afterward. There were hemopericardium, cardiac hypertrophj', dilatation of the 
ascending aorta and a tear in the jiosterior wall of the aorta above the posterior 
valve. Microscopically there were mucoid degeneration of the media and destruc- 
tion of the elastica. The author discusses the various causes of spontaneous 
rupture of the aorta as descrilied in the literature. Iacob Ki.ein, 

Technic of Determination of M and X' Groups in Blood Stains. A. Lauer, 

Deutsche Ztschr. f. d. ges. gerichtl. Med. 22:86, 1933. 

Landsteiner’s technic based on the principle of absorption was used. The blood 
stain, washed out with distilled water, was mi.xed with a 2 iier cent suspension of 
standard erythrocytes on glass slides which had been cleaned with a 10 per cent 
solution of liquid petrolatum in xylene. Using this technic, the authors v/ere able 
to recognize ^f and X groups in forty specimens of dried blood from one tveek 
to three months old. The method was also successfully ’used in two medicolegal 

Jacob Klein. 

Determination of Blood Groups by Exami.nation of Human Feces. H. 

Hodyo, Deutsche Ztschr. f. d. ges. gerichtl. Med. 22:95, 1933. 

Group-characteristic substances are found in body fluids, secretions and excre- 
tions. The author mixed from 10 to 20 Gm. of feces with twice as much physiologic 
solution of sodium chloride or distilled water and filtered the mixture through 
several layers of gauze. The filtrate was dried on a water bath at from SO to 
70 C. The resulting powder was tested bj’- the absorption technic. Blood group 
characteristics were found in the normal stool which agreed with those shown by 
the control tests on the person’s blood. Sometimes the reaction M'as distorted 
by the presence of hemolysins, agglutinins and inhibiting substances in the stool. 

Jacob Klein. 

Death During Bathing. Fritz Bern.stein, Munchen. med. Wchnschr. 79; 

1889, 1932. 

Grassl has reported attacks of illness during bathing which may be attributed 
to cold allergy. This condition is manifested by urticaria, hemoglobinuria, asthma, 
collapse, lowering of the blood pressure, leukocytosis and, in particularly susceptible 
persons, unconsciousness. The reaction occurs usually from five to fifteen minutes 
after exposure to cold. Doubtless some cases of drowning are due to cold allergy 
in persons who have previously shown evidence of hypersensitiveness to cold. A 
simple test for determining the e.xistence of such an idiosyncrasy is to place a piece 
of ice on the healthy skin for from one to two minutes ; after from five to fifteen 
minutes a M'heal forms in the susceptible person. ^ 
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Death During Bathing. S. J. Thannhauser, Miinchen. med. Wchnschr. 79- 

1890, 1932. 

A 46 year old athletic physician noticed erythema and urticaria of the palms 
and soles after bathing in cold water. Wheals were noted on other parts of the 
body on exposure to cold water. After a shower there was redness of the entire 
body, followed by a greenish-white discoloration and a feeling of chilliness which 
disappeared after half an hour. While bathing in a mountain lake after vigorous 
exercise he observed erythema, pruritus and a feeling of oppression in the chest. 
He immediately left the water and sank into a chair. Although he was not uncon- 
scious, he was weak and unable to move. Vigorous colonic peristalsis soon 
developed; the skin was greenish, and the pulse was slow. There was a feeling 
of intense cold over the entire bod 3 c He recovered after one hour. In the evening, 
while eating, he experienced a sudden feeling of cold and loss of appetite, but 
there were no changes in the skin. This was relieved by drinking alcohol. Cold 
urticaria and resulting shock represent an exaggeration of the normal heat regula- 
tion; perhaps a histamine substance is liberated. Drowning may readily result 
from the adynamic reaction. 

Bullet Embolus of the Pulmonary Artery. R. Paltauf, Wien. klin. 

Wchnschr. 46:602, 1933. 

A 21 year old man was shot in the third intercostal space 3 cm. from the midline. 
Death occurred from hemopericardium seven days afterward. The track of the 
bullet led through the upper lobe of the left lung and the pericardium at the origin 
of the pulmonary arter}’-, which showed no wound of exit. A 6.35 mm. steel jacket 
bullet was found in the branch of the pulmonary artery to the lower lobe of the 
right lung, where it had caused pressure necrosis with infarction of the lung. The 
pleuritis resulting from the infarct provoked coughing, which opened the wound 
in the pulmonary artery 'and caused death from hemopericardium. This is one 
of the few instances in which a bullet has been transported by the circulation. 


Technical 

Staining of Oligodendroglia and of Microglia in Celloidin Sections. 
Arthur Weil and Harold A. Davenport, Arch. Neurol. & Psychiat. 
30:175, 1933. 

The authors give a modification of Stern’s method of staining oligodendroglia 
and microglia in celloidin sections. For the staining of microglia, the sections are 
washed in distilled water, are put for ten or twent}-^ seconds into an ammonia-silver 
nitrate solution, from which they are transferred to a solution of formaldehyde, and 
after three changes of water, are dehydrated and mounted in Canada balsam. 

Practically the same method is used for staining oligodendroglia, ivith slight 
modifications, for which the original article should be consulted. The appended 
photomicrographs bring out well the advantages of the modified silver staining 
methods as given bj^ Weil and Davenport. George B. Hassin. 

Importance of Adequate Reduction of Peptone in the Preparation of 
Media for the Pneumococcus and Other Organisms. H. D. Wright, 
J. Path. & Bact. 37:257, 1933. 

Difficulty in preparing broth suitable for the cultivation of pneumococci is 
largely due to incomplete reduction of peptone. This may readily be overcome by 
adding peptone to the broth before any heat is applied and so exposing it to the 
powerful reducing action of meat or meat infusion during the steaming process. 
Huntoon’s method of preparing broth owes its advantages to the fact that it 
provides for adequate reduction of the peptone. Other features in this method, 
especially filtration through glass wool, have been found to be of minor importance. 
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The presence of oxidized peptone in broth renders it relatively unsuitable for the 
cultivation of many aerobes and for that of Clostridium tetani. This inhibitory effect 
must be taken into account in experiments relating to accessorj' factors in growth 
and the oxidation-reduction potential. Author’s Sumsiary. 


Staixixg of Thorotrast IX Tissue Sectioxs. L. Prusexer, Beitr, z. path. 

Anat. u. z. allg. Path. 91:439, 1933. 

The Best carmine method for glycogen stains thorotrast in tissue sections. A 
staining time of from ten to fifteen minutes is necessarJ^ A concentrated alcoholic 
solution of chromotrope 2 R, applied for from five to ten minutes, also stains 
thorotrast. A hematoxjdin nuclear stain may be combined with either of these 
methods. O. T. Schultz. 


New Methods of Precipitatiox axd “Ball” Reactioxs for the Demox- 
stratiox of Syphilis. Julius Kiss, Ztschr. f. Immunitatsforsch. u. exper. 
Therap. 77:195, 1932. 

Kiss published, in 1930, a book entitled: “The Technic and Theory of the 
Examination of the Serum for Sj'philis.” In the present article, he summarizes the 
results of his studies since the publication of the book. Kiss advocates the use 
of antigens of known chemical composition. He emploi’s a mixture of lecithin 
and cephalin prepared from alcoholic and ether extracts of the heart. Cephalin 
is the more sensitive of the two substances. It reacts with unheated serum. 
Various modifications of the Kahn precipitation test and of the Mueller Ballung 
test are offered. In the former, a more stable solution of the antigen is produced 
by remoral of the alcohol from the antigen-salt solution mixture. In the Mueller 
test, the modified antigen contains mainli' cephalin, with some admixture of lecithin. 
Unheated serum and different concentrations of sodium chloride are among the 
innovations. The Ballung test is, according to Kiss, the most sensitive of all 
methods. However, he emphasizes the danger of relying on precipitation tests 
or on the Ballung test only, and advocates strongh' their employment together with 
a complement-fi.xation test. j d^^vidsoh.x 


ExAiiixATiox OF Extracts for the Wasser.maxx Reactiox by Meaxs of 
Nephelometry. J. Adahski, Ztschr. f. Immunitatsforsch. u. exper. Therap. 
77:247, 1932. 

The ability of varying quantities of the extracts and of their fractions to prevent 
the precipitation of cholesterol was estimated with the apparatus of Moll. The 
animal species from which the heart muscle was obtained and the method of prep- 
aration influenced the protective ability of the extract. By combining certain 
extracts, the protective effect could be improved, .^damski gained the impression 
that extracts from hearts of animals killed during the summer and fall had greater 
protective abilitj^ than the heart extracts of animals killed during the winter or 
early spring. Such dependence on the time of the year maj* have some relation 
to the feeding. t 

I. Davidsohx. 

Practical Value of the New Modificatiox of the Citochol Reactiox. 
L. S. ScHiRwiXDT, Ztschr. f. Immunitatsforsch. u. exper. Therap. 77:294 
1932. 

modification of the citochol reaction was published by Sachs and 
\\ itebsky in 1931. The changes concern mainly the dilution of the antigenic extract 
with a resulting marked increase of sensitiveness. Schirwindt made parallel tests 
^ the old citochol reaction, the Wassermann reaction 

and the Kahn test along with the new modification. The last test gave 8.4 per 
cent more positive reactions for persons known to have syphilis, and 10.7 per cent 



276 


ARCHIVES OF PATHOLOGY 


more for persons with latent syphilis. To overcome the possibility of nonspecific 
positive reactions, which were very scarce, the parallel employment of the old 
modification is suggested. The use of a 3 per cent dilution of sodium chloride 
and the shaking bj" hand, if a shaking apparatus is not available, are preferable 
to the other procedures, such as using lower dilutions of sodium chloride and 
leaving the test materials at room temperature for from four to six hours. In 
experimental S 3 "philis of rabbits, the modification of the citochol reaction proved 
b}' far the most sensitive, the next in sensitiveness being the Kahn reaction. 
Schirwindt compares the new modification with the “presumptive procedure” of 

I. Davidsoiin. 

CoMPARisojj OF Extracts of Sacfis-Witebsky with Own Extracts for the 
Citochol Reaction. S. L. Schirwindt and A. V. Alexejeva, Ztschr. f. 
Immunitatsforsch. u. exper. Therap. 77:353, 1932. 

Extracts prepared bj" the authors proved as efficient as those procured from 
Sachs’ laboratory. That is considered an advantage as it removes the necessity of 
depending on one laboratory. The citochol reaction with cerebrospinal fluid showed 
a distinct lack of sensitiveness, but the test appears to have been greatly improved 
in this respect by the new modification of the antigen. j Davidsohn. 

Modification of the Reaction of Tsien-Yung-Tsu with Inactivated 
Serum for the Diagnosis of Syphilis. S. L. Schirwindt and M. B. 
Fedorowa, Ztschr. f. Immunitatsforsch. u. exper. Therap. 77:359, 1932. 

Tsien-Yung-Tsii utilizes shaking instead of the primary incubation in his technic 
of the complement-fixation test. He recently published a modification of the test in 
which inactive serum is used, and fresh rabbit serum is employed as the bearer 
of antisheep hemolysin and of complement. Schirwindt and Fedorowa preserve 
rabbit serum with 1 per cent of boric acid. In a series of 1,002 comparative tests, 
they found the modified method more sensitive than the Wassermann, the Kahn and 
the citochol reactions. They have not encountered nonspecific positive reactions. 

I. Davidsohn. 
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CHICAGO PATHOLOGICAL SOCIETY 

Regular Monthly Meeting, Nov. 13, 1933 
E. H. Hatton, President, in the Chair 

A Rare Dental Anomaly (“Dens in Dente”). Rudolf Kronfeld. 

The dental anomaly usually described as dens in dente, or tooth inclusion, 
clinically appears as an enlarged or malformed anterior tooth the pulp chamber 
of which contains a small toothlike structure. This condition seems to be rare. 
Only about twelve cases have been reported in the literature. Most of these 
were said to be a twin formation whereby one tooth (parasite) developed within 
another (autosite). The arrangement of the hard tissues — enamel and dentin — 
in the inner tooth is inverse to that of the outer tooth. Thus the enamel of the 
outer tooth is on the outside and the dentin is on the inside, while the enamel 
of the inner tooth is inside of the dentin. By serial histologic sections through 
a tooth with this anomaly, it was possible to demonstrate that it is not a twin 
formation but a malformation of the germ of only one tooth, namely an invagina- 
tion of one portion of the developing crown into the other. This explains not 
only the inverse arrangement of enamel and dentin in the inner invaginated portion 
but also the connective tissue and bone occasionally found in the central cavity within 
the dens in dente. The bone inclusion is periodontal in origin and has become 
pinched off and included in the center of the invaginated portion of the crown. 

DISCUSSION 

E. F. Hirsch : The anomalous structure suggests the possibility of a fusion 
of two incisor-like teeth in mirror-image juxtaposition in which the structures 
of the root on the approximated surfaces either failed to develop or disappeared, 
while those of the crown persisted and fused. 


Infectious Cirrhosis : Report of a Case. James D. Stewart. 

A white woman, aged 39, was well until three and a half years prior to death, 
when generalized pruritus was noted. This soon was complicated by attacks of 
icterus, gray stools, dark urine, moderate loss of weight and a tendency to bleed 
easily, but there was no pain or gastro-intestinal symptoms. These s 5 ’’mptoms per- 
sisted through her illness. The first examination, fifteen months after the onset, 
disclosed an icteric, nervous person with a blood pressure of 110 systolic and 74 
diastolic and a pulse rate of 72. The liver was enlarged and palpable on deep 
inspiration. Roentgen examinations revealed a normal stomacli and duodenum, 
nonvisualization of the gallbladder and no stones. The results of the usual labora- 
tory examinations were not significant except for an absence of free acid in the 
gastric contents after Ewald, histamine and alcohol meals. An exploratory opera- 
tion disclosed nothing abnormal except enlarged and fibrosed periportal nodes. 
The condition persisted for two more years and became progressively worse. The 
liver gradually enlarged, and the spleen became palpable. No ascites developed. 
Hepatic function was adequate until a few months before death. An examination 
of excised skin eliminated hemochromatosis. When the patient entered the Billings 
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Hospital for the last time one month before her death she presented marked 
jaundice, a prolonged coagulation time, impaired hepatic function, anemia, a reticulo- 
cyte count of 6 per cent and the usual fragility of the red cells. Bile was obtained 
by duodenal tube. A cholecystoduodenostomy was performed and no further 
changes were noted. The patient’s condition was satisfactory for three days, then 
a hemorrhage into the wound occurred, and her condition became progressively 
worse. Death followed ten da}’^s after the operation. 

Necropsy disclosed an enlarged liver and spleen, no ascites, mild localized 
fibrinous and hemorrhagic peritonitis, a functional cholecystoduodenostomy, enlarged 
periportal lymph nodes, a patent biliary tract, a slightly dilated thin-walled gall- 
bladder with a few small calcium carbonate and pigment concretions, bilateral 
hematomas of the ovary, a hematoma of the upper pole of the right kidney, absence 
of the right suprarenal gland, slight chronic fibrous mitral endocarditis and edema 
of the lower lobes of the lungs. The liver weighed 3,150 Gm. and was finely 
nodular. It showed slightly increased resistance and had a deep yellowish-green, 
firm, glistening parench 3 ’ma with a uniformly accentuated, translucent sfroma. The 
spleen had a dark red pulp and weighed 700 Gm. The kidneys were jaundiced 
and large. The gastro-intestinal tract revealed no changes. 

Histologically the liver had an increased perilobular and peripheral intralobular ' 
stroma. There were dense infiltrations of the portal areas by small round cells, 
mononuclear leukocytes and a few polymorphonuclear leukocytes and macrophages. 
The biliary epithelium was destroyed, and there were accumulations of bile pigment 
in small bile ducts and adjacent lobules. Stains and microchemical tests failed to 
demonstrate bacteria or iron. 

The prolonged icterus, the large liver and spleen, the absence of ascites, the 
clay stools, the inflammation of the finer bile ducts, the necrosis of the biliary 
epithelium and the marked infiltration and perilobular and intralobular fibrosis 
correspond with the changes of infectious cirrhosis described by Mallory in 1911' 
and 1932 and by McMahon in 1931. The changes are similar to the clinical and 
pathologic disorder described by Hanot in his thesis published in Paris in 1875. 

Demoicstratiox of Micro-Organisms in Epidemic Encephalitis (St. Louis 
Epidemic). Arthur Weil. 

Through the cooperation of the department of pathologj’’ of Washington Uni- 
versitj^, St. Louis, I was able to study representative blocks of tissue from the 
brains of eight persons who died from encephalitis in the recent epidemic. In 
sections of each brain treated with paraffin and stained with cres 3 d violet or meth 3 d- 
thionine chloride, U. S. P. (meth 3 dene blue), diplococci were demonstrated. They 
were from 0.6 to 1 micron in diameter, isolated or accumulated in small colonies or 
arranged in short or in long chains. The diplococci within the subarachnoidal 
spaces were somewhat larger than those in the brain tissue. They were not demon- 
strated, however, within the perivascular cellular exudate or within the foci of 
proliferated glia. These facts, together with the absence of an inflammatory reac- 
tion in the regions where these diplococci were found, suggest that the 3 ^ were able 
to multiply only after the defense reaction of the body had broken down, and that 
the process was either agonal or postmortem. The diplococci were not found 
as the result of accidental contamination, but must have been present at the moment 
of death, because the 3 ’’ were found in the centers of blocks of tissue fixed with 
formaldehyde as well as in the peripheral portions. 

These observations are reported because the simultaneous appearance of one 
and the same type of micro-organism in colonies and chains in each of a number 
of brains received from different hospitals is unusual. Furthermore I was impressed 
by the large number of “hyperkinetic” types of encephalitis among the cas« 
occurring in St. Louis. Von Economo has advanced the theory that perhaps m 
this type there is a mixed infection as compared with the classic ophthalmoplegic- 
lethargic t 3 'pe, which he considered a pure virus infection. 
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DISCUSSION 

E. F. Hirsch; Were there leukocytic exudates or reactive changes in the 
tissue about the foci of bacteria? 

N. Paul Hudson: It is not generally agreed what the etiology of the 
epidemic encephalitis of von Econonio is. Numerous investigators believe that 
it is as yet unknown, and bacteria are not commonly accepted as the primary cause. 
The significance of the diplococci, as shown by Dr. Weil, is uncertain owing to 
the failure of other workers accuratel}’- to reproduce the disease with them. 
There is a difference of opinion as to the actual nature of the epidemic that 
occurred in St. Louis, whether it was of the von Economo or of a different type. 

If one looks into the preliminary reports (Muckenfuss) of the attempts to isolate 
an infectious agent from the cases occurring in St. Louis, one finds that bacteria 
that could be considered significant have not been recovered. On the other hand 
it appears that injection of material from human brains into monkeys and mice has 
transmitted an infectious agent that is not cultivable on bacteriologic mediums, 
is not visible, is filtrable, and, hence, falls in the general group of viruses. 

Under these circumstances, the primary significance of the diplococci in the 
brain is doubtful. They were apparently present before or at death, and I should 
like to ask Dr. Weil what the intervals of time and the conditions were between 
death and the fixation of tissue. 

L. E. Day: Epidemics of encephalitis have occurred in horses, and from 
the brain tissues of these animals many different kinds of bacteria have been 
cultured, but none has proved to be the infectious agent. 

A. Weil: The usual procedures for preserving and storing brain tissues were 
followed in the material I studied. It was furnished to me in blocks hardened 
in formaldehyde. l\Iy study was entirely morphologic. 

Myocardiac Changes in Hypertension. Victor Levine. 

This article will appear in full in a later issue of the Archives. 


NEW YORK PATHOLOGICAL SOCIETY 

Regular Meeting, Oct. 26, 1933 

Paul Klemperer, President, in the Chair 

An Instance of Plasmocytoma Within a Tuberculous Cavity. David 
Perla. 

A man, aged 68, stated that he had had a productive cough for the past fifteen 
years. In January, 1932, his cough became more severe and spasmodic, and the 
sputum was blood-streaked for several weeks. He had severe anorexia and slight 
loss of weight. At that time he showed signs of consolidation of the right apex, 
with marked dulness, bronchial breathing and crepitant rales. He had a slight 
fever for a few days, and the sputum was found to contain tubercle bacilli. 
Roentgenograms showed a large dense shadow in the right upper lobe. There 
were numerous nodular infiltrations throughout both lungs ; these were interpreted 
as metastatic nodules in addition to tuberculosis. A mass was felt in the right 
lower quadrant of the abdomen, and roentgen examination suggested the presence 
of a malignant condition in the region of the cecum. The patient was fairly com- 
fortable during the following eight months. Then dizzy spells, difficulty in walking 
and defects in speech and memory developed. In January, 1933, there developed 
spastic^ right hemiplegia and complete motor aphasia. He died one month after 
admission to the hospital. 
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Autopsy disclosed a primary carcinoma of the cecum with metastases to both 
lungs and to the brain and thyroid, and generalized arteriosclerosis with slight 
coronary sclerosis. There was evidence of chronic bilateral pulmonary tuberculosis. 
A large fleshy tumor was found in the right upper lobe, apparently situated within 
a tuberculous cavity. In the central portion of the tumor was a firm nodule 2 cm. 
in diameter composed of dense, yellowish tissue containing several areas of 
calcification and possibl}" osseous formation. 

The tumor was composed of plasma cells throughout. The other nodules in 
the lung were definitely adenocarcinomatous metastases from the cecal carcinoma. 
Of interest is the occurrence of this unusual plasmocytoma within a tuberculous 
cavity in a patient who had a primary carcinoma of the cecum with metastases 
to the lungs. 

DISCUSSION 

Alfred Plaut: Have the bones been irradiated with the roentgen ra3’'s in 
this case? 

David Perla : No, we did not get permission for a complete autopsy. Has 
anj'^ one seen a case like this of a plasma cell tumor in the lung? I have tried 
to find one. 

A Case of Cooley’s Anemia. David Perla. 

A bo^^ aged 9 jmars, with a previous history of measles at S and tonsillectomy 
at 6 years of age, was admitted to the hospital with weakness, edema of the lower 
extremities and progressive anemia. Three years prior to admission a large spleen 
had been noted. Shortly thereafter edema of the legs was observed, but this 
cleared up spontaneously in two months. The patient was said to have been anemic 
practically since infancy. In addition to marked pallor, he presented a subicteric 
tint of the skin, the mongolian facies and the rachitic rosary. There was prominence 
of the frontal and parietal bones. There was a sanguinopurulent discharge from 
the left ear. The heart was enlarged to the left. A precordial S3"stolic murmur was 
heard. The spleen and liver were markedly enlarged. 

The hemoglobin was 30 per cent; the red blood cell count, 2,200,000; the white 
blood cell count, 10,500, with a differential smear showing 2 per cent myeloblasts 
and 3 per cent m3’^elocytes. Normoblasts and megaloblasts were present. Erythro- 
blasts were seen in small numbers. There were marked poikilocytosis and 
anisoc3’’tosis. 

A roentgenogram of the skull showed marked thickening of all the bones, with 
thinning of the cortex and a granular medulla. All the long bones showed thin 
cortices. 

A diagnosis of Cooley’s anemia was made. 

The patient had a continuous fever up to 103 F. In spite of extensive liver, 
gastric and iron therapy with numerous transfusions, the anemia could not be 
improved, the red cell count remaining around 2,000,000. During the rises in 
temperature there was no evidence of 3113^ hemoclastic crisis, the urine showing no 
evidence of hemoglobin. 

About one 3"ear after his first admission, following a transfusion, the patient 
died with the symptoms of dyspnea and cyanosis. 

At autops3^ a severe anemia was evident. The liver weighed 1,420 Gm., and 
the spleen, 725 Gm. There was a marked hemosiderosis of the mesenteric and 
retroperitoneal lymph nodes, with hyperplasia of the hemolymph glands and osteo- 
porosis of the bones. The calvarium was thickened and measured 9 mm. in the 
occipital and frontal regions. The increase in thickness was due. to a thickened 
medulla which was traversed by numerous fine trabeculations. The inner and 
outer plates each measured less than 1 mm. The vertebral medulla was chocolate 
brown. 

Microscopic sections of the liver, pancreas, kidneys, mucosa of the stomach, 
and b^mph nodes gave positive reactions for iron. Periportal accumulations of 
Nmphocytes and plasma cells were seen. The spleen showed a moderate hyper- 
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plasia of reticulum cells; the sinusoids were congested; the endothelial elements 
were prominent and contained a brownish pigment that did not stain for iron. The 
malpighian follicles were atrophic. Scattered throughout the spleen were numerous 
eosinophilic myelocytes. The bone marrow was highly cellular, showing primarily 
myelocytes, erythroblastic elements and many groups of foam cells. Many of 
these contained ingested red cells. 

DISCUSSION 

Paul Klemperer: Of what race was the child? 

David Perla; Italian. The picture you see in the bone marrow is present 
in sickle cell anemia and in congenital hemolytic icterus, but these three congenital 
anemias leading to rapid hyperplasia of the bone marrow are the only diseases 
which produce that picture. 

Paul Klemperer : I have seen the same large foam cells in the spleen in 
Cooley’s anemia. 

David Perla: They did not give the usual lipoid stain of the foam cells. 

Hypertrophy of the Heart Due to Storage of Glycogen. W. Antopol, 

J. Heilbrunn and L. R. Tuchman. 

A case of van Gierke’s disease is reported which is believed to be the first 
one in which necropsy was done to be recorded in the American literature. There 
was tremendous enlargement of the heart together with hepatonephromegaly in a 
boy aged 4^4 months. The heart weighed 85 Gm. Microscopically there was 
a massive infiltration of the myocardial fibers with glycogen. The liver and 
kidneys were the site of a similar deposition. The presence of appreciable amounts 
of galactogen was ruled out by comparison of Best’s carmine preparations with 
those stained by iodine. Chemical analysis of tissue placed in alcohol after one 
month’s fixation in formaldehyde showed 3.57 per cent glycogen in the heart, 
3.25 per cent in the liver and 4.34 per cent in the kidney (wet weight). A rela- 
tionship to idiopathic hypertrophy of the heart and rhabdomyoma of the heart is 
suggested. 

DISCUSSION 

David Perla : Is the hypertrophy of the heart due to the mechanical storage 
within these cells, or did you see actual hypertrophy of the nuclear elements? 

Louise W. Rauii (by invitation) : About one and a half years ago an Italian 
boy, aged 20 months, was seen at Mount Sinai Hospital. He was thought to 
have a disturbance in glycogen metabolism. He had been perfectly well until 8 
months of age. At that time it was noticed that his abdomen seemed to be larger 
than normal, and for the next year it increased in size. The birth and develop- 
ment had been normal, and the family history was irrelevant. 

The child was pale, but fairly well nourished; he was somewhat stunted in 
growth. He was mentally normal and alert. There was an odor of acetone to 
his breath. The abdomen was large, the liver extending to below the umbilicus. 
The spleen could not be felt. There was no ascites. The remainder of the 
examination revealed no abnormalities. 

On many occasions the urine showed acetone. There was a great increase 
in amylase, 19 units in a twenty-four hour specimen by the Elman method. There 
was no free glycogen, and no glycosuria after ingestion of 40 Gm. of dextrose. 

The blood showed amylase 0.9 unit by the Elman method, from 2 to 6 units 
being normal. There was no free gbxogen. The sugar content during periods 
of fasting varied between 40 and 65 mg. The curves for sugar tolerance were 
biphasic and showed prolonged elevation. There was a normal response of the 
blood sugar to epinephrine and to insulin. The urea was 17 mg., and the total 
cholesterol, 310, 415 and 395 mg. with an ester of 185, 120 and 290 mg. respectively. 
The lecithin was 325 mg.; the total fat, 2,300 mg. The calcium and phosphorus 
Avere normal. The icteric index was 6; the van den Bergh direct and indirect 
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tests were negative. The tests for hepatic function showed galactose and brom- 
sulphalein to be normal. The tuberculin and Wassermann tests were negative. 
The cutaneous test for Echinococcus was negative. The blood count was normal ; 
the Best stain of the blood smears showed no deposit of glj'-cogen in the leukocytes. 

Epinephrine therapy was attempted with subcutaneous injection of 0.2 cc. of 
a 1 : 1,000 solution twice a day for eight days. Following this there was no 
increase in the blood sugar during fasting nor any decrease in the size of the 
liver. Thyroid therapy was tried in an attempt to liberate the glycogen. It was 
begun with small doses, later increased to 0.12 Gm., administered three times daily, 
but after two weeks, because of loss in weight, it was discontinued. There was 
no change in the level of blood sugar during fasting or in the size of the liver. 

The patient stayed in the hospital for three months, and grew 3 cm. in height 
and gained 1,800 Gm. The circumference of the abdomen increased 4 cm. At 
no time, in spite of the low blood sugar during fasting, were there any hypoglycemic 
reactions. 

The patient is being followed; he is growing somewhat, but the size of the 
liver is steadily increasing. 

Paul Klemperer : Would it be impossible after four weeks to try to determine 
the presence or absence of enzymes in the organs? 

Carl Zelson : Dr. Schdnheimer’s conclusion that this was due to a dis- 
turbance in glycogen metabolism was based on the fact that in this condition after 
seven days the liver contained tremendous amounts of glycogen; in other words, 
in the normal liver gl 3 '^cogen is immediately broken down, and in this condition 
glycogen is not broken down in the liver. This is the main point in the inter- 
pretation of the disease. There is a disturbance in the gb’-colytic power within 
the cells of the liver. 

Lester R. Tuchman: The material was fixed in formaldehyde; therefore no 
studies of enzymes could be made. In spite of the fact that our figures are so 
high, large amounts of glycogen had undoubtedly been lost owing to the method 
of fixation. In one of the cases reported, half of the dry weight of the liver 
was glycogen, and in another case about 40 per cent of the dry weight was 
glycogen, so that apparently it can be stored in tremendous amounts. The clinical 
symptoms which Dr. Rauh described occurred in about half of the reported cases. 
The only common finding was the acetonuria. One of the patients had blood 
sugar as low as IS mg. per hundred cubic centimeters without any hypoglycemic 
S 3 TOptoms. One case is reported with no sugar in the blood ante mortem. Some 
patients were sensitive to insulin and some were not. Dr. Rauh’s patient responded 
to epinephrine with a hyperglycemia; most did not. They all showed blood sugar 
that was low or “low normal.” Kimmelstiel’s patient with deposits of glycogen in 
the brain showed definite cerebral s 3 "mptoms. 

W. A. Antopol : In answer to Dr. Perla’s question, the nuclei are' normal 
in size. If the fibers were reconstructed to aggregate solid units, they would 
probably approximate the normal dimensions. The storage of glycogen per se 
within the “hollowed-out” fibers caused the tremendous increase in size. 

This condition is thought to be due to the persistence of the fetal t3'pe of 
glycogen metabolism in which the glycogen is mobilized with difficulty. Needham 
has shown the glycogen to be in a stable form just prior to birth. Diamanopoulos 
found further that more epinephrine is needed to mobilize glycogen in the new-born. 

Hodgkin’s Disease in the Lung. Sylvan E. Moolten. 

The fundamental nature of Hodgkin’s disease is still a problem; in respect to 
this problem the parenchyma of the lung, because of its unique construction, is 
a sort of arena in which can be observed the unfolding of the morphogenic char- 
acteristics of the disease in probably their simplest form. Most significant in this 
respect are the type and arrangement of the interstitial tissue, the epithelial content 
and behavior, and the air spaces themselves. The comparison of Hodgkin’s 
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disease in the lung with certain infective granulomas of known etiology (e. g., 
tuberculosis and actinomycosis) on the one hand, and with tumors (including 
lymphosarcoma) on the other, tends to fortify the standpoint that Hodgkin’s dis- 
ease is primarily an inflammatory reaction of granulomatous character. 

The material is drawn from a detailed study of eight cases embodying various 
aspects of the pulmonary lesion. In general two phases of the disease could be 
distinguished, the proliferative and the exudative. These were usually present 
simultaneously within the same area and even within the same lesion, the pro- 
portion of proliferative response to exudative response varying in individual cases. 
In general the proliferative type of lesion tended to display its most characteristic 
development within the interstitial structures of the lung, i. e., the walls and con- 
nective tissue sheaths of the bronchi and blood vessels, the interlobular septums 
and, above all, the interalveolar septums (i. e., the walls of the alveoli). The 
exudative phase occurred not onl}’^ in these situations (where it was recognized 
with ease in some cases and with difficulty in others) but particularly within the 
air spaces of the alveoli. In no other tissue of the body is it possible to distinguish 
with such clarity the various degrees and kinds of the exudative response. 

On the basis of personal observations of Hodgkin’s disease as it implicates the 
lung together with findings reported in the literature certain conclusions are drawn. 
Hodgkin’s disease is primarily an inflammatory condition, considered not only from 
the standpoint of its evolution within the organism as a whole but in particular 
from the standpoint of the type of response elicited within the lung. 

What may be called tlie “pure lesion” as seen growing within the lumen of the 
alveolus unencumbered by any sort of stroma or other preexisting tissue is revealed 
not as the product of a specific proliferation of cells but rather as a specific mixture 
of cells (cells of histiocytic type, fibroblasts, cells imigrated from the blood). 

Highly resistant structures such as the thick-walled arteries may become invaded 
by the surrounding infiltration, and on the other hand delicate structures such 
as the walls of the alveoli may likewise be infiltrated; in either case the result is 
not compression or destruction, but uniform infiltration with preservation of the 
underlying framework. This speaks for permeation bj’’ a virus or soluble toxin 
rather than for direct invasion by cells themselves as in a tumor. The proliferation 
of cells resulting in the specific mixture of cells is then primarily derived from 
the differentiation of the reacting preexisting autochthonous mesenchymal elements 
in response to the stimulus in loco. 

On a similar basis it is possible to account for the abundant nonspecific inflam- 
matory lesions. These consist of the mild “catarrhal” reaction of the alveoli, the 
more marked fibrinous exudative reaction and their subsequent end-stages. The 
catarrhal stage ends in the degeneration of the desquamated alveolar epithelial cells 
with liberation of their cholesterol in the form of the characteristic boat-shaped 
crystals. The fibrinous stage ends in some form of organization (“carnification”) 
either by ordinary fibroblasts or by varying proportions of fibroblasts and cells 
specific to the granulomatous lesions (“pneumonia granulomatosa”) . The ultimate 
fate of such lesions is transformation into ordinary scar tissue. 

The alveolar epithelium does not play a mere passive part in the lesions but 
is apparently actively stimulated. In the exudative stage it undergoes rapid pro- 
liferation and desquamation in the form of large numbers of mononuclear or multi- 
nuclear phagocytic cells similar to those seen in many portions of tuberculous or 
actinomycotic lesions in the lung. These cells bear no more than a superficial 
resemblance to the Langhans giant cells or the Sternberg-Reed giant cells and 
are never seen to participate in the formation of the granuloma. In the prolifera- 
tive and healing stages these cells form a continuous row of cuboid epithelium 
lining the infiltrated alveolar septums, often giving rise to the appearance of glands. 

The distribution of the lesions within the lung conforms to that found in manj'- 
bacterial infections of the lung. The proliferative phase occurs in two forms, peri- 
bronchial and pleurogenous, analogous to the two forms of interstitial pneumonia, 
peribronchial and pleurogenous (e. g., complicating grip or measles as an acute 
infection due to Streptococcus haemolyticus, or as part of tuberculosis or actinomy- 
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cosis). The exudative phase produces, in addition, a form of ^gelatinous lobar or 
lobular pneumonia. 

From a synthesis of these findings the following classification of Hodgkin’s 
disease of the lung is compiled ; (1) granulomatous panbronchitis and broncho- 
pneumonia, (2) exudative lobar and lobular pneumonia (gelatinous pneumonia, 
organizing pneumonia), (3) miliary, submiliary and multiple isolated nodular lesions 
(hematogenous, lymphogenous) and (4) granulomatous pleurogenous pneumonia 
(the primary form is rare, one case being reported ; the secondary form is frequent, 
and is due to direct invasion of the pleura from the adjoining infiltrated 
mediastinum). 

DISCUSSION 

Fred W. Stewart: I think that this is a splendid contribution, and I watched 
Dr. Moolten’s photographs with a great deal of interest because I have seen all 
these changes myself, and have come to much the same conclusion regarding their 
pathogenesis. I am glad to find some one who is willing to uphold the infectious 
nature of Hodgkin’s disease despite all the recent negative bacteriologic findings 
by Twort and others, and especially after the suggestions in the last section of the 
Rose research on lymphadenoma, which tend to discourage the idea of Hodgkin’s 
disease being an infectious granuloma. There is one type of involvement of the 
lung in Hodgkin’s disease I should like to ask about. Within the last month or 
six weeks I saw a patient with typical Hodgkin’s disease. He eventually died, 
showing essentially no lesions. He had a specific process in the spleen, but the 
manner of death was very unusual. A very intense interstitial emphysema suddenly 
developed, and at autopsy we found the usual signs of emphysema, an intense 
mediastinal emphysema, with spread of air to the tissues of the thoracic wall and 
neck. The lungs were tremendously distended. There was no point of perforation, 
and the only possible assumption was a rupture of the pulmonary alveoli. In the 
bronchi we found a complete cast of the bronchial tree, much as one finds in 
bronchial asthma. There was no history of previous attacks of bronchial asthma. 
The exudate in the bronchi was thick, of nearly the consistence of agar. There 
were a great many plasma cells and eosinophils, but nothing of the characteristic 
structure of Hodgkin's disease. On section the exudate in the bronchi, this heavy, 
thick mucinous cast, was full of eosinophils. That might have agreed well with 
bronchial asthma, but in the centers of most of these thick mucinous cores were 
areas of typical caseation. They had undergone caseous necrosis. In view of 
that, and of the fact that the patient had Hodgkin’s disease and had never men- 
tioned having had bronchial asthma I thought that this would have to be classed 
as one of the peculiar manifestations of Hodgkin’s disease. Has Dr. Moolten 
ever seen anything like this ? 

Sylvan E. Moolten: In regard to the interesting tj'pe of bronchitis described 
by Dr. Stewart, the literature contains references to somewhat similar findings. I 
have not seen quite the same thing in the series I have studied, but in Hodgkin’s 
disease lesions involving the bronchi have been known for many years and are 
well described in Ziegler’s monograph of 1911. The gross appearance is often 
that of an ordinarj-^ catarrhal bronchitis, or it may be more like that of tuberculous 
bronchitis. Frequently there are stricture and stenosis of the bronchus and some 
times complete occlusion with atelectasis and secondary bronchiectasis. Bronchos- 
copy should prove useful in certain cases in which material is needed for biopsy 
in making a diagnosis. Characteristic findings by which one may suspect the 
diagnosis on gross inspection include the presence of certain areas of opacity or 
plaque formation in the mucous membrane, which are not quite the same as 
those seen in certain cases of carcinoma. At their periphery they tend to fade 
indefinitely into the surrounding mucosa. Furthermore, the lesions are usually 
distributed bilaterally and in a disseminated manner rather than grouped as a 
single lesion as in carcinoma. The presence of fibrinous exudate within the bronchi 
I should interpret as expressive of the more intense exudative reaction of the 
disease. 
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The question arises whether these acute exudative reactions, the fibrinous or 
catarrhal reactions, are specific or nonspecific. Morphologicalh' the3' are unques- 
tionablj' nonspecific. The question realh' concerns their specific or nonspecific 
causation, and that is an important point possiblj' admitting a certain amount oi 
controversy, ilj' own belief is that they are oi specific causation, based on the 
findings in the lung itself. The distribution cf such lesions does not correspond 
to the distribution of a bronchogenic lesion and does not follow the pathway's oi 
a bronchogenic dissemination such as might be produced bj' aspiration of infective 
material containing bacteria from the bronchi. The process suggests rather a 
diffusion of the ^^rus itself from the central bronchial focus into the surrounding 
peripherj' in the parench3'ma. The possibilit3' that bacteria ma3' secondaril3' con- 
taminate the lesions in the lung has been mentioned b3' others and. incidentalh'. 
has been given as one of the reasons for the necroses often seen in these lesions. 
Actualh-, however, bacteria are rareh' seen. 

There are other iwints v.-hich would also speak for the diffusion of the h3-po- 
thetic specific virus itself into these areas as a cause of the exudative reaction, 
such as the gradual transition from the nonspecific organizing pneumonia into the 
definiteh- specific lesions, in v.-hich one can see the gradual increase in the pro- 
portion of the specific cells over the nonspecific fibroblasts, forming a lesion in 
all respects identical with the first, except in the var3-ing amount of the specific 
t3-pes of cells present. 

The necrosis of the e.xudate in the bronchi mentioned b3- Dr. Stewart might 
speak for secondary infection. I have seen similar necrosis within alveolar exudate 
composed of masses of fibrin, with some leukoc3'tes and alveolar phagoc3-tes: the 
appearance at times is closeb' similar to the earh- lesion of tuberculosis. I do 
not know how to explain it. I do not know whether it is possible to explain it 
on the basis of the action of the specific virus itself causing necrosis of the 
e.xudate or of incidental bacterial contaminants. The stains I have made of such 
necrotic e.xudate have shown no organisms — neither ordinar3- bacteria nor tubercle 
bacilli. 

Amyloidosis of the Boxe iLvRROw, with Report of Ose. I. E. Gerber. 

Am3'loidosis of the bone marrow is a rare lesion. number of instances of 
involvement of the media of small vessels of the bone marrow have been described. 
In addition a number of cases of primar3' amyloid tumors of the bone marrow 
have been reported. These cases are characterized b3' massive local accumulation 
of am3'lo!d in one or several bones, with or without infiltrations in other organs, 
A third t3-pe is that of am3'loid deposits in a true blastoma of the bone marrow. 
The multiple m 3 -elcma 5 are the blastemas most frequenth' involved, Xo cases of 
diffuse involvement oi the bone marrow have been reported hitherto. 

The case reported is that of a white man, aged 44 , who complained of generalized 
weakness and muscular pain. On examination hepatomegah-, signs of nephrosis 
and h3-perchloesteremia were found. Two 3 -ear 5 later h3-pertension. renal insuffi- 
cienc3- and a collapse of the ninth dorsal and first lumbar vertebrae developed; the 
latter was thought to be the result of lipoid infiltration of the bones. Postmortem 
examination revealed generalized am3-loidosis with diffuse ara3-loid infiltration of 
the bone marrow. Xo cause for the amyloidosis was found. 

The am3-loid in the organs stained with Congo red and with the aniline dyes, 
but not with iodine. In the bone marrow the am3'loid exhibited even more marked 
variations in staining and reacted onh- with the aniline dyes. There was marked 
destruction of the spongi- bone without 303- tendenc3' to the formation of new bone. 
Careful search failed to reveal any evidences of underlying disease of the bone 
marrow; no blastoma was found. As there was no tumor-like accumulation of 
the amyloid or underlying blastoma. this case represents a distinct t3'pe of am3'loid 
disease of the bone marrow, i. e.. diffuse am3'loidosis of the bone marrov.-. 
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DISCUSSION 

David Perla: I have seen four instances of so-called primary amyloid 
disepe in which no apparent etiologic factor could be found. The case presented 
is different from those which I have seen in that the bone marrow was not involved 
in any of them. 

I think “typical amyloid disease” would be a better term than “primary amyloid 
disease,” because one does not know what the nature of the amyloid deposition is, 
particularly if there is no destructive process in the body. In the instances which 
I have seen, the liver and spleen were not involved, and Lubarsch has stated that 
in atypical amyloid disease the amyloid was either slight or absent in the usual 
sites, and appeared in unusual sites. I have never seen a case like the one reported 
by Dr. Gerber, and I am very glad to have heard his presentation. 

I. E. Gerber : I want to say a few words about the term “atypical.” It was 
first employed by Lubarsch to denote an unusual localization of amyloid, in which 
the spleen and the liver, as Dr. Perla mentioned, are not involved. In going over 
the literature on amyloidosis, I have come across many instances in which there 
have been atypical localizations of amyloid, and in which the spleen and liver 
were involved, and these cases likewise showed all the other characteristics of 
amyloidosis, some of which were atypical, the staining reactions to the usual 
amyoid stains, for example, and the nodular deposits of amyloid. All of these 
may be found in cases of generalized amyloidosis — hence one must be careful in 
the use of the term “atypical.” One must recognize the fact that some cases 
do tend to show atypical reactions, they do tend to spare the spleen and the liver, 
but they are in no way different from those of generalized amyloidosis. I do 
not want to enter into an}" new classification of the disease; the characteristics of 
an atypical amyloidosis are so typically found in generalized amyloidosis that I 
do not think it would be well to put in a third classification, unless there is a 
good reason for doing so. 

A Case of Carcinoma of the Stomach Treated as Pernicious Anemia: 

Duration, Over Six Years. Angelo M. Sala. 

A woman, aged 65, was first seen in April, 1927, when she complained of weak- 
ness, poor appetite and a recent gradual loss of weight with increasing pallor of the 
skin. Her blood picture was as follows: erythrocytes, 1,500,000; hemoglobin, 
40 per cent by the Dare method ; color index, 1 .3 ; leukocytes, 4,300 ; polymorpho- 
nuclear neutrophils, 50 per cent; lymphocytes, 46 per cent; large mononuclears, 

3 per cent; eosinophils, 1 per cent. The coagulation and bleeding times were 
within the normal range. The stained smear showed poikilocytosis, anisocytosis, 
polychromatophilia and macrocytosis. There were occasional megaloblasts ; normo- 
blasts were not encountered. A reticulocyte count showed complete absence of 
reticulocytes in a count of several thousand erythrocytes. The report to the attend- 
ing physician was that the blood picture strongly suggested addisonian anemia, 
but other diagnostic procedures were necessary to substantiate or exclude this diag- 
nosis. The patient was given liver and hydrochloric acid with such marked 
improvement in two weeks that the physician was satisfied he was dealing with 
pernicious anemia, and continued to treat the patient accordingly. Her body 
weight, general clinical condition and hemoglobin were satisfactory during this 
time; on May 10, 1932, she weighed 143 pounds (65.86 Kg.), and her hemoglobin 
was 75 per cent. In August, the patient discovered a “lump” in her epigastrium. 
Surmising that her physician would recommend an operation, for which she con- 
sidered herself a poor risk, she did not consult him until her regularly scheduled 
appointment in November. At this time a freely movable tumor the size of ^n 
orange was felt to the left of and above the umbilicus. There was no vomiting, 
but appetite had begun to fail. She was then sent to me, at the clinic of the 
New York City Cancer Institute, ivhere the clinical diagnosis of carcinoma of the 
stomach was confirmed by the roentgenologist. At that time the hemoglobin was 
35 per cent by the Dare method, and the red cell count was 1,000,000. The 
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niorphologj’ ot the blood was about the same as in 1927 ; reticulocytes were absent. 
Operation and roentgen ray treatments were refused, and the patient gradually 
weakened and died at home on Aug. 5, 1933. 

A postmortem examination limited to the abdomen revealed a bulkj' carcinoma 
of the stomach involving the distal two-thirds and the p 3 doric region. The tumor 
was necrotic, and there were metastases to the perigastric nodes and to the liver. 
There was no ascites. Histologically, the tumor was an adenocarcinoma, grade 2. 

The question presents itself: Was this a case of gastric carcinoma arising 
in a patient with addisonian anemia, or did the patient have cancer of the stomach 
all along? I beliere the latter has been the case; I have never seen gastric cancer 
develop in a patient with true pernicious anemia, and the duration is hy no means 
against this probability’. On the other hand, tfie case well illustrates the difficult}' 
often encountered in basing a differential diagnosis between pernicious anemia 
and the anemia of gastric carcinoma on the examination of the blood alone. Pepper 
and Farley' say in their “Practical Hematological Diagnosis’ : “Among the con- 
ditions 'which produce an anemia most closely simulating Addisonian anemia is 
carcinoma of the stomach or ot the ascending colon. When such an anemia 
precedes local symptoms the diagnosis may be very' much in doubt.” It is my 
belief that the diagnosis of pernicious anemia is to be made largely by exclusion, 
and that it should remain provisional until all diagnostic procedures, of which 
examination of the blood is only one — ^and not necessarily the most important — 
are exhausted. Even in cases of apparently true primary' anemia, in vrhich the 
favorable response to the therapeutic test imparts a feeling of security, the pos- 
sibility' of a malignant condition of the gastro-intestinal tract and the desirability' 
of roentgen studies of the digestive tract at not too long interv'als need not be 
forgotten. 

DISCUSSION 

Alfred Plaut: I cannot say' anything in relation to the pernicious anemia, 
but as far as the duration of the disease is concerned, it would not be as unusual 
as most people believe to have a carcinoma of the stomach with a course of six 
years or more. M’hen gastro-enterologists go over the records of patients whom 
they' have followed for years, they' often find cases in which a long history' of 
gastric disturbance ended with an operation for carcinoma or v.'ith an autopsy' 
revealing this condition, so that in these cases one wonders whether the disease 
did not start long before the diagnosis was made or whether the patients had 
another condition of the stomach, and carcinoma developed later on. I have seen 
patients seeking treatment for from tyvelve to fifteen years concerning whom, 
incredible as it may' seem, the most logical conclusion is that they probably' had 
the same disease all the time. I remember one patient at the Memorial Hospital 
who, eight years after a biopsy which positively' showed carcinoma, was still in 
the same condition, and the files of the ilemorial Hospital contain records' of 
cases which have been under observ'ation longer than that. 

Angelo if. Sala: I entirely' agree with Dr. Plaut. I believe that the 
patient had a carcinoma of the stomach from the beginning, and I present the 
case not because of its duration, but to call attention to a mistake that could 
and should have been avoided. 
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The Science o£ Radiology. Authorized by the American Congress of Radiology. 

By twenty-six contributors. Edited by Otto Glasser, of the Cleveland Clinic- 

Foundation. Price, $4.50. Pp. 450, with 108 illustrations. Springfield, III: 

Charles C. Thomas, Publisher, 1933. 

One of the projects of the executive council of the recent American Congress 
of Radiology was the publication of a book which would record the outstanding 
developments in radiology from the time of Roentgen’s discovery to the time of 
the congress. Beginning with the story of Roentgen and of Pierre and Marie Curie 
by Otto Glasser and an account of American pioneers in radiology by William A. 
Evans,^ there follows a consideration of roentgen physics, apparatus and tubes and 
recording mediums and screens. Dosimetry is discussed. Percy Brown sum- 
marizes in fifty pages the progress in roentgen diagnosis to date. Military roent- 
gen()logy, roentgen cinematography and roentgen therapy are adecjuately described. 
Radium physics and dosimetr 3 '’ are considered by Failla and Quimby, while radium 
therapy is handled by Bowing and Fricke. George M. MacKee writes a valuable 
chapter on cutaneous roentgen and radium therapy. There are also chapters on 
protection, teaching, radiologic societies and literature, the nature of the cosmic 
rays and the Gurwitsch rays, and the foundations of therapy with ultraviolet, 
visible and infra-red radiations. 

Chapters XVII and XVIII are of special interest to pathologists. Hermann U. 
Muller, professor of biology' in the University of Texas, undertakes the considera- 
tion of the effects of roentgen rays on the hereditary material. Gene mutations 
and chromosome changes are produced by roentgen rays in germ cells of all types : 
in spermatozoa (whether irradiated while in the testis or after they have been 
received by the female), spermatogonia, mature eggs, oocytes and oogonia. They 
can also be produced in somatic cells. However, all cells are not equally susceptible. 
Cells under anesthesia are more susceptible than nonanesthetized cells, but cells 
in a state of undernutrition are less susceptible. Heat or cold accompanying 
irradiation has little or no effect. These statements are based on studies on 
Drosophila, wasps and other insects as well as on mice and on various plants, 
including barlej', tobacco, jimson weed, maize, wheat, cotton, primroses and snap- 
dragons. Similar effects have been found when using radium. As a practical 
conclusion, it is important for human beings to avoid the possibility of having 
mutations produced in their germ cells by irradiation. It is to be expected that, 
because of their recessiveness, such mutations would ordinarily fail to manifest 
themselves until several generations after they had been produced, causing physio- 
logic disturbances and elusive effects that lowered the general vitality or efficiency 
more often than conspicuous morphologic abnormalities, which are difficult to 
recognize and deal with. Of course, such effects could be produced if the repro- 
ductive organs received the radiation, and if reproduction occurred subsequently to 
this, as when the radiation is used for purposes of temporary sterilization.' These 
conclusions rest on the plausible premise that the hereditary material of man is 
affected by irradiation in a similar way to that of insects and plants. 

Charles Packard, of the institute of cancer research, Columbia University, 
devotes a short chapter to a summary of the biologic effects of roentgen rays and 
radium. When roentgen and gamma radiations are absorbed in living tissues they 
initiate a series of changes which lead to temporary injury to the cells or to their 
ultimate death. The first step in the series is purely physical; the quanta of 
radiation collide with electrons of the atoms composing protoplasm and displace 
them from their normal positions in the system, or else remove them_ altogether. 
These changes lead to the breaking down of protein substances into simpler com- 
pounds which are, in a sense, foreign to the cells, with resulting alteration m the 
morphologic and physiologic condition of the cells. The latent period between 
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the moment of exposure and the appearance of a definite reaction depends on tlie 
dose and also on the kind of change which is chosen as an evidence of injury. 
The primary biologic effects of radiation are changes in the hydrogen ion con- 
centration of protoplasm, in the permeability of the cell membrane, in viscosity 
and in the respiratory rate. The morphologic effects which accompany them are 
undoubtedly secondary. Cells are most sensitive to radiation during mitosis. It 
is a common observation that some cells which have received less than the lethal 
dose may recover perfectly and continue to grow and divide; the susceptibility of 
such cells is in inverse proportion to their recuperative powers. 

The idea did not occur to the earlier investigators that radiation might 
promote the physiologic activities and growth of cells and tissues. There can 
be no doubt that some physiologic processes are quickened by roentgen and gamma 
irradiations, but there is no direct evidence that weak radiations are able to cause 
stimulation. Stephan contends that although growth is not accelerated, there are 
certain functional activities which are directly promoted by small doses of radia- 
tion, such as shortening of the coagulation time of the blood and increased diuresis. 
But in view of of the fact that increased cell division following irradiation has 
never been proved, it seems probable that other explanations for these phenomena 
must be found. 

Whether cells recover or die after irradiation depends not only on the number 
of roentgens which they receive but also on the intensity of the beam. As with 
any injurious agent, as soon as the cells suffer damage they begin the process of 
repair; if the injury is inflicted slowly, as by a beam of low intensity, the cells 
are more likely to recover. With high intensities of radiation, the tolerance dose 
is only slightly higher than the erythema dose, whereas with low intensities it 
is much greater. 

Long experience has shown that hard rays are more selective in their action 
than soft rays, but this difference in action is not due to the quality of the beams 
so much as to their intensity. Within the last few years the weight of evidence 
shows that all wavelengths are. equally effective. There are many who do not 
agree that this statement can be applied to the erythema reaction. It is a matter 
of common experience that the skin will tolerate a larger dose of hard rays than 
of soft rays. 

The book is a valuable compilation of the latest views on many phases of 
radiology. It is to be hoped that later editions of the work will fill the gaps 
left by the various contributors, and supply complete annals of the science of 
radiology. 

Text-Book of Pathology. By Robert Muir, M.A., M.D., Sc.D., L.L.D., F.R.S., 
Professor of Pathology, University of Glasgow; Pathologist to the Western 
Infirmary, Glasgow. Third Edition. Price, $10. Pp. 957, with 546 illustra- 
tions. Baltimore: William Wood & Company, 1933. 

The second edition of this textbook was reviewed favorably in the Archives 
(12:685 [Oct.] 1931). In the present edition the author has “endeavored to 
incorporate as far as possible the many and important advances made in Pathology 
since the previous edition was published.” The number of pages has been increased 
from 872 to 957, and the number of illustrations from 501 to 546, but the price 
has been reduced from $14 to $10. There is no occasion for any further review 
at this time. The book is essentially an acceptable and useful text on the structural 
changes in human disease. 
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Tuberculous Infection in Milk. A Report by the Department of 
Health for Scotland. Special Report Serie.s, No. 189. Price, 9d. Pp. 38. 
London: His Majesty’s Stationerj' Office, 1933. 

Text-Book of Pathology. Robert Muir, M.A., M.D., Sc.D., LL.D., F.R.S., 
Professor of Pathologj^ University of Glasgow; Pathologist to the Western 
Infirmary, Glasgow. Third edition. Price, $10. Pp. 957, with illustrations. 
Baltimore: William Wood & Company, 1933. 

Reports of the Committee upon the Physiology of Vision: XIII. 
Determination of the Sensitiveness of the Eye to Differences in the 
Saturation of Colours. L. C. Martin, F. L. Warburton and W. J. Morgan. 
Medical Research Council, Special Report Series 188. Price, Is., net. Pp. 42. 
London: His Majesty’s Stationer}^ Office, 1933. 

The Modern Treatment of Syphilis. Joseph Earle Moore, M.D., Associate 
in Medicine, the Johns Hopkins University; Physician in Charge, Syphilis Division 
of the Medical Clinic, and Assistant Visiting Phj'sician, the Johns Hopkins Hos- 
pital, Baltimore. Price, $5. Pp. 535. Springfield, 111. : Charles C. Thomas, Pub- 
lisher, 1933. 

Le poison des amanites mortelles. R. Dujarric de la Riviere. Price, 
60 fr. Pp. 182, with 24 illustrations. Paris : Masson et Cie, 1933. 

De venarum ostiolis, 1603, of Hieronymus Fabricius of Aquapendente 
(1533-1619). A facsimile edition of Fabricius’ famous work on the valves of the 
veins, celebrating the quartrecentenary. With an introduction, translation, notes and 
reproductions of the original plates of the first edition (1633). Kenneth J. 
Franklin, D.M., Tutor and Lecturer in Physiology of Oriel College and University 
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In 1924, Seale Harris ^ presented evidence to indicate that spon- 
taneous hyperinsulinism might I'esult from overactivity of the islet cell 
tissue of the pancreas. More recently, it has been shown by several 
authors that comparable manifestations are due to the endocrine activity 
of islet cell neoplasms. Five of these tumors were removed in the sur- 
gical clinics of Washington University following jjreoperative diagnoses 
of chronic hypoglycemia; in all, the subsequent history of the patients 
proved the tumor to have been the actual cause of the symptoms. 
Detailed pathologic reports on three of the five tumors accompanied 
the case reports of Carr, Parker, Grove, Fisher and Larimore,- Womack, 
Gnagi and Graham,® and Graham and Womack.^ Two of the cases 
are as yet unreported. 

The present communication concerns the results of a comparative 
histologic study of these five tumors; more particularly, we have been 
interested in (1) genesis, (2) the appearance of the cells of each as 
compared with normal human islet cells, (3) the stage of development 
and (4) the effect of tumor secretion on the normal islets of the pan- 
el eas in which the tumor was found. The basis of such a study has 
been ampty provided by past investigators, since accurate knowledge 
concerning the islets of the pancreas is not exceeded by that relating 
to any other endocrine gland. 

From the departments of Anatomy and Surgery, Washington University 
School of Medicine. 

Aided by an appropriation from a grant made by the Rockefeller Foundation 
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PROCEDURE 

The tumors were available for fresh studj^ and for fixation immediately follow- 
ing their removal. The procedure did not vary. Following a brief inspection, 
the tumor was sliced in a sagittal plane and the segments were fixed in various 
solutions.® Bits were placed in Ringer’s solution and in 1:2,000 neutral red in 
physiologic solution of sodium chloride for fresh examination. The position and 
gross characteristics of the pieces placed in the various fixatives and of the fresh 
specimens were noted. 

In each case, portions of adjoining pancreas were adherent to the tumor. These 
were fixed in the same fluids and subsequently dehydrated, embedded, cut and 
stained with the tumor material. 

For staining, we relied on hematoxylin and eosin, the Alallory azan stain, the 
neutral dyes of Bowie and Benslej', which color the individual granules of appro- 
priately fixed islet cells, and aniline acid fuchsin followed by Mallory II stain. In 
several cases, groups of islet cells were identified following one method of staining 
and were drawn with the camera lucida; the slide was then destalned and colored 
again with a different stain. This procedure served to identify and locate the 
characteristic coloring displayed by the specific granules of each cell with several 
methods ; it was done for both normal islet and tumor tissue. 

The bits for fresh study were utilized as rapidly as possible, usually within ten 
minutes following removal of the tumor. They were placed on slides in a drop 
of Ringer’s solution and teased to particulate form, and a coverslip was applied. 
After a brief survey with the low power microscope, typical tumor cells were 
studied under the oil immersion lens and their characteristics noted. The material 
immersed in neutral red was similarly treated and studied. 

PANCREATIC ADENOMAS PRODUCING HYPOGLYCEMIC SYMPTOMS 

The clinical histories of the five patients whose tumors are here- 
after subjected to comparative study are given in case reports by Carr 
and his co-workers,- W^omack and his co-workers,^ and Graham and 
Womack.'* For couA^enient reference, the essential facts are summarized 
in the table. Here and in the subsequent obserA'^ations, the tumors (and 
cases) are designated by Roman numerals. In case III, tAAm tumors 
Avere removed. The remoA^al of a, a nonspecific mass, did not alleAuate 
the hypoglycemic symptoms; at a second operation, &, a true adenoma, 
Avas removed Avith successful results. 

S. These comprised: aqueous chrome sublimate (potassium dichromate, 
2.5 Gm. ; mercuric chloride, 5 Gm. : distilled Avater, 100 cc.), modifications of the 
same, namely, (1) acetic chrome sublimate (5 cc. of glacial acetic acid and 95 cc. 
of aqueous chrome sublimate), and (2) formaldeliA^de chrome sublimate (10 cc. 
of formaldehj'de and 90 cc. of aqueous chrome sublimate), Bouin’s fluid (satu- 
rated aqueous solution of trinitrophenol, 75 cc. ; formaldehyde, 25 cc. ; 
glacial acetic acid, 5 cc.), Altmann’s fluid (equal parts of a 5 per cent solu- 
tion of potassium dichromate and a 2 per cent solution of osmic acid) and a diluted 
solution of formaldeliA^e, U. S. P. (1: 10) in 90 per cent alcohol. Pieces of one 
large tumor Avere also fi.xed in Regaud’s fluid (8 cc. of a 3 per cent solution of 
potassium dichromate and 2 cc. of formaldehyde) and in Bensley’s acetic osmic 
dichromate fluid (8 cc. of 2.5 per cent solution of potassium dichromate, 2 cc. of a 
2 per cent solution of osmic acid and glacial acetic acid, 1 drop) . 
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1. Gross Characteristics of the Tumors. — The five tumors removed 
varied in size, consistency, weight and color. Tumors I and II were 
approximately 1 by 2 cm. in size, purple-red and friable. Tumor Illn 
was ovoid, of similar color, unyielding to the touch and 1 b}^ 0.8 cm. in 
size. Tumor lllh was somewhat larger than those previously considered 
(2 by 1.4 by 1.2 cm.), ovoid, yellowish gray and of firm consistency. 
Tumor IV was small, 1.5 by 0.8 cm., and similar in color to III&. 
Tumor V was also yellowish gray and of soft consistency. The 
surface was nodular and in some areas felt cystic ; several lesser masses 
were suspended from the tumor by pedicles. It was extremely large 
for tumoi's of this type (9 by 9 by 11 cm.; weight, 500 Gm.). 

The internal configuration also varied. The cut surface of tumors 
I and II presented an appearance similar to that noted externally. Tumor 


Suittinary of Cliitical Data Relating to the Tnntors 


Tumor 

Xo. 

Se.v 

Age 

Duration 

of 

Symptoms 

Severity 
at Time of 
Operation 

Postoperative 

History 

I 

11 

10 

1 year 

+ + 

Complete absence of 
hypoglycemic seizure® 

II 

11 

U 

2 years 

+ + 

Same as tumor I 

III 

11 

27 

3 years 

A. ++++ 

Temporary relief 

Same as tumor I 

IV 

F 

44 

4 years 

+ 

Same as tumor I 

V 

11 

52 

2 years 

+++ 

Same as tumor I 


Ilia had a calcified core surrounded by purple-red friable tissue. Tumor 
III& resembled a cut fibroma; embedded in tbe capsule was a single 
nodule of purple-red friable tissue, .3 mm. in diameter. Tumor IV had 
a necrotic central core ; tumor V, a calcified core with projections toward 
the surface. With the exception of the calcified core, tumor V con- 
sisted of a solid mass of grayish-yellow, soft, friable tissue; no cysts 
were found. 

The tumors differed in degree of encapsulation. Tumors I and V 
were well encapsulated, tumor II was not encapsulated and tumors Ilia 
and h and IV were partially encapsulated. Further details with regard 
to encapsulation are given with the description of the architecture of 
the tumor. 

2. Study of Fresh Cells Immersed in Ringer s Solution. — (o) Nor- 
mal Islets : The researches of Laguesse ® and Bensley " showed that the 
appearances of the cell which serve to identify islet tissue in fixed and 
stained preparations are also obvious in isolated fresh cells immersed 
in an isotonic saline solution. Such cells, studied without fixation, nearly 

6. Laguesse, E. : Revue generale d’histologie, Paris, A. Storck & Cie 1908 

vols. 2 and 3. ’ ' 

7. Bensley, R. R. : Am. J. Anat. 12:297, 1911. 
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approximate the living condition; Ihdng islet cells with blood supply 
intact may be studied in the pancreas of the anesthetized mouse 
drawn out on a microscope stage between slide and coverslip (Coveil,® 
O’Leary ®). 

Bensley’s ’’ detailed description of the fresh, isolated islet cells of 
the pancreas of a guinea-pig serves as an adequate norm for comparison 
with islet cells isolated from the adenomas studied. Abstractly, compari- 
son of the normal islet cells of one species with the tumor islet cells of 
another may not seem justifiable, but actually, any differences which 
may exist among normal cells of different species are too slight for even 
the most expert to detect. A summary of our own experience in the 
study of isolated cells of normal islets of the mouse, guinea-pig and 
one child of 1^ years follows: 

The fresh unstained cells of normal islets are polymorphic, most 
frequently polyhedral or columnar. Cell boundaries are usually distinct. 
Embedded in the cytoplasm, and more retractile, are tiny granules of 
uniform size, densely packed. This contiguity of granules throughout 
the cytoplasm is interrupted only by occasional lipoid droplets, small 
vacuoles and a series of granule-free canals identical with the apparatus 
of Golgi, which may be identified in fixed tissue after staining with 
special osmic acid or by the reduced silver method. The nucleus, ovoid 
or spherical, appears homogeneous unless intense illumination is used; 
then the nucleolus and lesser lumps of chromatin are apparent. 

Cells of normal islets in the mouse and guinea-pig ma}^ also be 
subjected to supra or intra vifain staining. Supravitally, neutral red or 
janus green B (dilution 1 : 10,000) is perfused through the aorta of an 
exsanguinated guinea-pig. Intravi tally, neutral red is injected intra- 
venously or subcutaneously (from 0.1 to 0.5 cc. of a 1 per cent solu- 
tion) ; janus green B, by dripping a 1 :1,000 dilution on the exposed 
living pancreas. 

By both mtra and supra vitam methods, the end-results of staining 
with neutral red and janus green B are the same. The specific granules 
of all islet cells which come in contact with the dye are colored sharply. 
With neutral red, the lipoid droplets of the fresh cells also stain; with 
jamis green B, the slender filamentous mitochondria are sometimes 
colored, as well as the specific granules. 

(h) Adenomas: In tumors I, II and V, the cells were readily iso- 
lated for fresh study ; in lllh and IV, with difficulty. 

In all tumors, except Ilia, isolated islet cells were obtained which 
were practically identical with the previously described unstained living 
cells of normal islets. The haze of tiny granules studded the entire 

8. Covell, W. P.: Anat. Rec. 40:213, 1928. 

9. O’Lear}^ J. L. : Anat. Rec. 45:27, 1930. 
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cjloplasmic mass, -with the exception of the areas occupied by the canals 
ot Holmgren, occasional lipoid droplets and small vacuoles. The nucleus 
was large and vesicular. Occasional lumps of chromatin and nucleoli 
were obserr'ed. In tumor Y. cells also occurred in which the granules 
varied considerably in size and did not occupy the whole mass of cyto- 
plasm. Cells with large nuclei, rich in chromatin, were frequent as 
were also binucleated cells and giant cells with several nuclei. 

The abundance of material available for stud}' in tumor V made it 
possible to set aside a piece of tissue immersed in cold Ringer’s solution 
for twenty-four hours. At the end of this period, many cells had not 
altered appreciably from the appearance observed shortly following the 
removal of the tumor. This indicates that the tumor islet cells are ver}’- 
resistant to postmortem change. Isolated normal islet cells of the guinea- 
pig, in contrast, sometimes vmdergo marked deteriorative changes one- 
half hour after removal from the body (Bensley '). 

It has been constantly obser\-ed in the study of tumors ( first by R. R. 
Bensley, later by ourselves) that when neutral red is applied in 1 : 2,000 
dilution in physiologic solution of sodium chloride, the specific granules 
of only a minority of the islet cells color with the dye. That the failure 
of the granules of the majority of the cells to color (like the cells of 
normal islets) is not due to mechanical difficulties is readily demonstrable 
(1) by the occurrence of cells with unstained granules besides other cells 
with colored granules, and (2) by the fact that if a piece of pancreas of a 
guinea-pig is immersed in neutral red simultaneously with the bit of 
tumor, the granules of all cells of the islets of the guinea-pig will be 
stained, while only those of the minority of the tumor cells are colored. 
The granules of the majority and of the minority of cells, therefore, 
differ in their affinity for neutral red, indicating a difference in the 
composition of the granules. In tumor V, the cells with colored granules 
were more numerous than in any of the other tumors studied; the 
granules varied somewhat in size, and in many cells those stained by 
neutral red and the unstained granules could be obseiwed side by side in 
the ty-toplasm. 

The content of cells revealed by fresh study in tumor Ilia and the 
pocket of purple-red friable tissue in tumor III& will be considered 
separately because of the dissimilarity of the cells to those which were 
the principal components of tumors I, II, III&, IV and V. The majority 
of cells were macrophages, lymphoc}tes and fibroblasts. A minority of 
mast cells and polymorphonuclear leukocytes were also observed. Macro- 
phages and lymphoc}'tes were also seen in significant numbers during 
the fresh study of the unquestioned islet cells tumors. 

3. Architecture of Normal Islets as Compared with That of the 
Adenomas. — (a) Normal Islets; The characteristics which sen'e to dis- 
tinguish the islets of the pancreas from duct and acinar tissue in the 
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usual hematoxylin-eosin preparation are so well known that comment 
is unnecessary. However, the architectural relations of cells, capillaries 
and connective tissue framework must be understood, since it is apparent 
that in the formation of islet cell adenomas the tendency will be toward 
a repetition of these relations on a large scale. 

The cells of the islet (mouse) form anastomosing cords, separated by capillary 
channels, which pursue a course varying from straight to very tortuous through 
the islets. Some capillaries traverse islet tissue in passing between one acinar 
lobule and another; others appear to originate from short arterioles. Frequently, 
venous channels extend directly from an islet to a neighboring vein. A compre- 
hensive account of the circulatory pattern of the islets is given by Beck and Berg.^o 

The cell-vascular relationship is an intimate one, and two or more surfaces of 
a single cell maj’' abut on the capillaries. However, the contact is indirect, since 
a definite endothelial membrane is usually interposed between the islet cells and 
the vascular cliantiels. In occasional capillaries, this membrane is not demonstrable, 
but the possibility is not excluded that these may be lymphatics. 

The islets are separated from the acinar tissue b}^ a partition of connective 
tissue of variable thickness which appears to be more closely adherent to the 
surfaces of the acinar lobules than to the islet cells. In the interstitial islets, which 
lie free from acinar investment along the larger blood vessels, this peri-insular 
framework is strengthened. Reticular tendrils about the capillaries are the only 
projections of connective tissue into the interior of the islets. 

(d) Adenomas: Tumor a young, growing adenoma with 

excellent accommodation between the parenchymatous and the vascular 
elements, serves as a starting point from which to develop the archi- 
tectural characteristics of the group. Study at a low magnification of a 
section through the center of the tumor stained with Mallory azan stain 
shows an interlacing stroma of collagenic tissue, a central core containing 
blood vessels, ducts and ducts differentiating into islet tissue and a 
broken capsule surrounding the tumor. The parenchyma is divided into- 
sinuous cords and lobules of islet cells, one or two (rarely more) cell 
layers in thickness, separated by the stroma and by arterioles and capil- 
laries which issue from it (fig. 1 A). It is to be noted that the capillaries 
are thin-walled, very similar in appearance to those which pervade 
normal islets ; the only connective tissue elements usually found about 
them are reticular fibrils. In areas adjacent to the acinar tissue of the 
pancreas, the connective tissue is richer and has separated the paren- 
chyma into islands served by the capillary vessels of penetrating 
arterioles. Hyalinization about, and thickening of, the walls of the 
smaller vessels are so seldom seen that these changes are negligible. It 
is apparent, therefore, that this tumor is representative of Bensley’s 
stage I in the chronological classification of islet cell adenomas (Womack 
and his co-workers ®). 


10. Beck, J. S. P., and Berg, B. N.: Am. J. Path. 7:31, 1931. 




Fig. 1. — A, low power photomicrograph, typical area, tumor Hit. This repre- 
sents the 3 'oungest stage of tumor development observed in the series. Note the 
intimate relationship of cells and capillaries. B, from tumor V, illustrating a less 
perfectly organized architecture than that observed in A. Note the hyalinization 
in the vessel walls and very much less intimate cell-capillarj^ relationship. C, from 
tumor II. The latest stage in tumor architecture observed. The vessels are 
severely hyalinized, and tumor cells cling to their surfaces. The intervening spaces 
contain blood and the debris of necrotic cells. D, thin-walled vascular channel 
from tumor V surrounded by a sheath of tumor cells. Note the looseness of the 
surrounding area. All photomicrographs except D are enlarged to 160 diameters; 
D is enlarged to 240 diameters. Zeiss 16 mm.; ocular Homal I. 
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Large areas of tumors IV and V are representative of a later, more 
disorganized stage of growth. The parench 3 miatous elements have 
increased out of all proportion to the vascular bed, resulting in the 
formation of thick coi'ds and balls of cells, the center of which may be 
separated from the capillary vessels b}'' three or four layers of cells 
(fig. IB, tumor V). Coincidentally, the majority of the small vessels 
have accumulated collagenic connective tissue, or their walls have thick- 
ened and the lumens become occluded by hyalinization. The latter 
tendency is most manifest in tumor V. 

The result of this more disorganized growth has been the focal 
degeneration of cell groups, leaving cavities containing cellular debris 
and blood elements. Groups of cells with diffuse basophilic staining of 
the cytoplasm and pyknotic nuclei were also observed. We have been 
unable to find convincing evidence that these manifestations of degen- 
eration are entirely attributable to a poor vascular supply, since they 
sometimes occur in the neighborhood of apparently functioning vessels. 
One area in tumor V suggests the end-result of this degenei-ation of 
islet tissue. Here the ghosts of former vessels, occasional functioning 
ones and a few masses of apparently nonnal islet cells occur in a dense 
collagenic stroma. 

Although the vascular supply of the parenchymatous elements in 
each of tumoi's IV and V was not adequate as a whole, free corpuscles 
were sometimes observed between normal cells, and occasionally an 
endothelial nucleus was interposed between these and the surrounding 
islet cells. This may represent a belated attempt toward more efficient 
vascularization. Also, in small areas of both tumors IV and V, condi- 
tions reminiscent of the major area of tumor II Ib Avere found. Here, 
two and three layered cords of islet cells abutted directly on capillaries 
with thin walls free from h 3 falinization. 

In tumor V, an area was found which was not duplicated in any of 
the other tumors studied. The only marked accumulations of connective 
tissue accompanied the arteries. Peculiar to it was the occurrence of 
numerous thin-walled vascular tubes having a single layered or multi- 
layered investment of parencltyinatous cells (fig. 1 D). Sometimes 
edematous connective tissue intervened between the outer surfaces of the 
tubes and the tumor cells; mostly the cells were attached directly to 
the walls of the vessels. Tumor cells Avere infrequently located in these 
thin tubes and also in the larger vessels of the area. Between the cell- 
coated tubes there were cellular debris and recently extravasated red 
blood corpuscles. 

Tumors I and II were characterized by the occurrence of areas of 
a later stage than that considered most typical of tumors IV and V. 
Tumor I had predominantly this arrangement ; tumor II, in part. The 
appearance Avas that of anastomqsing cords of hyalinized connective 
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tissue separated by cavities containing extravasated blood and necrotic 
remnants of tumor cells (fig. 1 C). Clinging to the walls of the cavities 
were single or multiple layers of islet tumor cells which varied in 
appearance; some were obviousl}'' degenerated, and man}'' appeared to 
be quite healthy. 

4. Characteristics of Normal Human Islet Cells Compared luiih 
Those of Adenomas.— (a) Normal Islet Cells: The salient character- 
istics of islet cells have been noted in describing their appearance in the 
living, unstained state. Since the fixed tissue equivalents of the cell 
components do not differ in material detail, we may next consider the 
basis of classification into cell types. 

Following appropriate methods of fixation and staining, three cell 
types can be identified in the islets of l.angeTbans of the human pancreas. 
Two of these, alpha and beta, were first defined by Lane in the pan- 
creas of the guinea-pig. Lane observed that following fixation in 70 
per cent alcohol, the specific granules of the alpha cells stained purple 
with neutral gentian; in the remaining (majority) cells of the islets the 
granules had dissolved and the cytoplasm remained clear. Conversely, 
following fixation in chrome sublimate and staining with neutral gentian, 
the specific granules of the second cell type (called beta by Lane) 
colored ; those of the alpha variety did not color, Bensley ' later success- 
fully stained the specific granules of the alpha and beta cells differen- 
tially in the same islet with aniline acid fuchsin and methyl green, 
following fixation in his own acetic-osmic bichromate fluid. Bloom 
was able in human islets, following fixation in formaldehyde chrome 
sublimate, to stain these two cell types and a third (D) by using the 
Mallory azan stain. Henceforth, the three cell types will be referred to 
as A, B and D. 

Experimental studies (Allen and Homans designed to effect exhaustion 
of the cell type of the islets, active in the production of insulin, through overwork 
of a greatlj' reduced pancreas resulted in hydropic degeneration of the B cells; 
the A variety remained normal. Restoration of the normal appearance of the 
exhausted B cells of such overworked islets has also been brought about by the 
administration of proper doses of insulin (Copp and Barclay i-'). Control pieces 
of pancreas, taken before the institution of insulin therap 3 ', showed the B cells to 
be in an advanced state of hydropic degeneration. These data, together with infer- 
ences concerning the relative alcohol solubility of the granules of the A and B 
cells, indicate that the B variety is active in the production of insulin. 

The three cell t}'pe.s occur constantly in human islets. Bloom finds 
that the B cells are much more numerous ; A and D cells occur in about 

11. Lane, kl. A.; Am. J. Anat. 7:409, 1907. 

12. Bloom, AV.; Anat. Rec. 49:363, 1931. 

13. Allen, F. Af. ; J. Hetab. Research 1:1, 1922. 

14. Homans, J.: J. yi. Research 30:49, 1914. 

15. Copp, E. F. F., and Barclav-, A. J.: J. Metab. Research 4:445, 1923, 
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equal numbers. In our material the average frequency of occurrence is 
in the order B, A and D. 

Material fixed in formaldehyde chrome sublimate was used for all of 
our comparisons between the staining reactions of the specific granules 
of normal and tumor islet cells. After staining with Mallory azan stain, 
normal islet A cell granules colored deep red; B cell granules, lilac to 
gray-yellow ; D cell granules, light blue. Bowie’s neutral stain colors 
the granules of the normal islet B cells deep blue; those of A and D 
cells, light blue, pink, or not at all. Normal islet B granules color purple; 
A and D granules do not color with Bensley's neutral gentian. However, 
when a section is stained by Bowie’s or Bensley’s neutral dyes and 
destained and Mallory azan stain is applied, it is apparent that some 
overlap occurs. Some of the cells designated as A cells in preparations 
stained with Mallory azan stain may appear to be B cells after being 
stained with Bowie’s dye. This discrepanc}?- suggests that those com- 
parisons which necessitate assigning types to islet cells be made by the 
Lane method. 

Differential staining of the specific granules by the Lane method 
is the one good criterion for assigning types to islet cells. Other cell 
characteristics, which have been said to differ from one type to another, 
are the shape and chromatin content of the nucleus, sharpness of cell 
outline, granule density and position of the cells relative to the capillaries. 
However, in nonspecifically stained preparations (man) these charac- 
teristics are hardly sufficient to distinguish one type from another. 

Islet cells give a negative reaction for enterochromaffin (argentaffin) granules 
with Masson’s method.^® This is of importance since the argentaffin cells of the 
gastro-intestinal epithelium may also form tumors. The type enterochromaffin cell 
is cylindric or flask-shaped ; the basal portion of the cytoplasm (between the 
nucleus and the capillary pole) is studded with granules in size similar to the 
specific granules of the islet cells. In some animals, though not usually in man, 
these are more uniformly distributed throughout the cytoplasm. The granules 
reduce silver by the specific method emploj^ed by Masson for material fixed in 
Bouin’s fluid; the specific granules of the islet cells do not. Van CampenhauD® 
using a block method of silver impregnation, recently succeeded in demonstrating 
that the specific granules of certain of the islet cells, as well as enterochromaffin 
granules, reduce silver. None of our tumors or normal pancreases were so pre- 
pared. 

(b) Tumor Islet Cells; Just as the parench)auatovascular accom- 
modation in tumor Illb appeared the most perfect in our series, so the 
great majority of tumor cells more closely approximated the appearance 

16. Bowie, D. J. : Anat. Rec. 29:57, 1924. 

17. Bensley: Personal communication to the authors. 

18. Alasson, P.: Am. J. Path. 4:181, 1928. 

19. Van Campenhaut, E. : Proc. Soc. Exper. Biol. & Aled. 30:617, 1933. 



O’LEARY-WOMACK— ADENOMA OF LAN GERMANS’ ISLETS 301 


of those of normal islets than in any of the other adenomas studied. 
The healthy appearing cells, of which this tumor had a large majority, 
presented a slender columnar,, flask-like or polyhedral appearance, 
depending on their position in the sinuous cords and lobules (fig. 2 A). 
The nuclei were similar in size and chromatin content to those of normal 
islet cells. Most often the C3d:oplasm appeared to be evenly studded with 
specific granules, with the exception of the areas occupied by the canals 
of Holmgren and c3''toplasmic inclusions (p. 294) ; sometimes they were 
concentrated at the capillary poles. In tumors I and II, the healthiest 
appearing cells were very similar to those just described. In tumors lY 
and V, pol3'hedral or rounded cells predominated. The nuclei varied in 
size from normal to one-half again as large, and also in chromatin 
content. The specific granules were evenl3'’ distributed in many cells ; 
in others they were concentrated about the nucleus, leaving a granule- 
free zone at the peripher3c No significant difference in size of the 
granules of a single cell was apparent. Binucleated cells and giant cells 
with central clusters of nuclei were not uncommon. 

Reference to the appearance of tumor islet cells, observed fresh 
after supra-vifam staining with neutral red, makes it apparent that at 
least two t 3 fpes of cells occurred in the tumors: The majority had 
granules which did not color with neutral red; the granules of the 
minority did. Sometimes, particular^ in tumor V, colored and uncolored 
granules were observed in the cytoplasm of a single cell. Differences in 
the colors assumed by the specific granules of a majority and minorit 3 ’’ 
of cells were detected in fixed and stained preparations. It is Avell to 
state immediate^ that Ave do not presume the t3’-pes of cells Avhich 
can be demonstrated supravitall3'^ b3’- neutral red to be identical Avith 
those apparent in fixed and stained preparations. It is true that in 
each procedure the numerical ratio of one type to the other may be 
similar (tumor III6) and also that each division is based on the staining 
characteristics of the specific C 3 doplasmic granules. But for obvious 
reasons, it is not possible to apply the supravital and fixed tissue methods 
to the stud 3 ^ of a single group of cells. To avoid confusion, therefore, 
Ave speak hereafter of the majority cells of fixed and stained prepara- 
tions as type I cells, the minority cells as type II. 

In a preparation from tumor III& fixed in the formaldehyde chrome 
sublimate and stained Avith BoAvie’s dye, the distinction betAveen type 
I and II cells Avas most evident. The specific cytoplasmic granules of 
type I cells colored faint blue; those of the type II cells stained an 
intense blue. There Avas a similar difference betAveen the tAvo types 
Avhen Bensley’s neutral gentian Avas used. FolloAving the use of Mallory 
azan stain, the specific cytoplasmic granules of type I cells colored lilac 
to pink; those of the t 3 ’pe II cells, purple. A third variety of cell Avas 
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obseived in pieparations fixed in the formaldehyde chrome sublimate 
and stained with Mallory azan stain. The specific cytoplasmic granules 
colored red. Owing to the infrequent occurrence of these cells in tumor 
Illh, and their nonoccurrence in the other tumors, they deserve but 
passing mention. 



Fig. 2. — A, characteristic cell group from tumor Illi;. Note the intimate rela- 
tionship of cells to the capillary channels, cytoplasmic inclusions (cyt.) and intra- 
cellular canals (/.c.). Formaldehyde chrome sublimate; Mallory azan. B, acinar 
cells becoming differentiated from duct epithelium in area of regenerating pan- 
creatic tissue at the edge of tumor IIIZ; adjoining the pancreas. Acinar cells are 
indicated by ax.; duct elements, by d.c. C, intimate relationship of duct and islet 
tissue in the vicinity of the central core, tumor IIFj. Duct cells are indicated by 
d.c. All photomicrographs are enlarged to 1,220 diameters. 

In tumor III&, type II cells were fairly numerous and occurred 
singly or in clusters of from two to eight. In tumors I and II, they 
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were found in similar proportions. In tumor IV, type I cells were 
infrequent, and their specific granules somewhat larger than in tumors 
I, II and III&. In tumor V, the type II cells were not observed. 

Can the type I and II cells of the adenomas be said to cori-espond to 
the major cell types of normal islets? Study of the material at our 
disposal does not warrant the conclusion that they can. We prefer to 
accept R. R. Bensley’s decision that the type I cell is a B cell with 
modified staining reactions ; the type II cell, a B cell corresponding to 
those of normal islets. 

•In preparations stained with hematoxylin and eosin the granules 
of the parenchymatous cells of the enterochromaffin and islet cell tumors 
are both eosinophilic and of approximately the same size. Besides, the 
cell form and appearance of the nucleus may present striking similari- 
ties. This led us to carry out the Masson test for enterochromaffin 
granules on tumors II, III&, IV and V. In each case, a piece of intes- 
tine known to contain enterochromaffin cells was fixed in Bonin’s fluid 
and carried through the procedure with the tumor slide. In ever}’^ 
instance the Masson reaction was positive for the granules of the entero- 
chromaffin cells of the intestine and negative for the specific granules of 
islet cells. 

Cytoplasmic inclusions of variable shape, but giving similar staining 
reactions, have been found in each of the tumors studied (fig. 2 A). 
Their occurrence in islet cell adenomas was detected by R. R. Bensley 
(Womack and his co-workers ®). The inclusions were of most frequent 
occurrence in tumor III&, less often found in tumors I, II and IV and 
rare in tumor V. With Mallory azan stain, they colored bright red; 
with Bowie’s stain, blue and with Bensley’s stain, purple. They might 
be plastered on one surface of the nucleus (“sickle thickening,” Bensley) 
or appear as globules or masses in the cytoplasm. In tumor III&, 
observed in mitotically active cells, the}' colored the same as the chroma- 
tin. These have been found only in tumor cells of type I, but never 
in type II, normal islet or acinar cells. 

Mitotic figures were most frequently observed in fype I cells of 
tumor III&. They usually occurred in cells with a reduced content of 
specific granules. In tumor V, only occasional mitotic figures were 
observed; in tumors I, II and IV, none. 

In normal islets, cellular degeneration is of infrequent occurrence. 
Occasional cells with pyknotic nuclei and basophilic cytoplasm are 
observed, but there is no obvious equilibrium between cellular degener- 
ation and replacement. There was little evidence of degeneration in 
tumor Hit. Cells with pyknotic nuclei were found in small numbers, 
and occasional cell clumps were noted in which the nuclei were filled 
with droplets of nucleolar size. In tumors I, II, I^^ and V, cellular 
degeneration was frequent as evidenced by pyknosis, diffuse basophilia 
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of the cytoplasm and (tumor V) clumping of the mitochondria into 
di'oplets. Tumors I and II each had areas in which cell groups had 
been converted into debris. The cytoplasmic inclusions described have 
not been found in degenerating cells. 

In all of the five tumors described, the majority of cells were suffi- 
ciently M^ell differentiated to possess the characteristics of mature cells. 
In V, tumor cells in blood vessels, variability in the size of the cells 
and the many bizarre nuclear forms rich in chromatin werd indicative of 
malignancy. However, this was probably of low grade, and by many 
the tumor undoubtedly would be classified as benign. 

0. D^lct Components of Islet Cell Adenomas. — Ducts occurred in 
all of the adenomas, which were similar in cell characteristics and 
arrangement to the small and medium-sized pancreatic ducts. They Avere 
least frequently met Avith in tumor V, but its large size did not permit 
a complete surA'^e}^ The ducts occurred in the central cores of tumors 
III& and IV, in the connectiA^e tissue trabeculae of these and in tumors 

1 and II. 

Inferential eAudence of the differentiation of duct into islet tissue Avas 
found in tumors I to IV (fig. 2 C). Notable areas Avere those about 
the central cores (HIP and IV) and immediately adjoining normal pan- 
creas. In these, hollow cords of islet cells frequently contained duct 
elements; single islet cells Avere found interspersed among the cells of 
ducts, and granules similar in size and staining characteristics to those 
of islet cells sometimes spotted the cytoplasm of an obvious duct cell. 
Similar sporadic occurrences AA'^ere noted in the Aocinity of the connective 
tissue trabeculae. 

In the areas adjoining the pancreas in tumors HIP and IV, eAudence 
of the differentiation of duct into acinar tissue AA^as also obtained (fig- 

2 B). Sometimes ducts terminated in incomplete acini ; again, cells con- 
taining a few zymogen granules and basophilic material (prozymogen?) 
Avere noted in the walls of ducts. Simple lobules, possibly in the process 
of building, were also seen. Differentiation of duct into acinar tissue 
did not occur elsewhere in the tumors. 

6. Islets of the Pancreas in Cases of Hypoglycemia. — It might be 
expected that an overproduction of the hypoglycemic hormone Avould 
alter the appearance of the pancreatic islets. In all of the cases of tumor, 
portions of the pancreas adjacent to the tumors Avere available for com- 
parison Avith the normal by the same variety of fixing and staining 
methods used in the study of the tumors. This survey included com- 
parison with the normal, the following criteria being used ; the propor- 
tion of alpha, beta and delta cells, richness of cells in specific cytoplasmic 
granules and evidence of degeneration. Apparent differences in the 
number of islets Avas not considered a good criterion (Bensley^). No 
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alterations could be demonstrated without the range of expected varia- 
bility. A segment of pancreas removed from a 1 year old child (Dr. E. 
Graham) for chronic h3^poglycemia also had normal appearing islets. 


LITERATURE 

Islet cell adenomas are not of rare occurrence. In 1926 , Warren 
collected fifteen cases from the literature and reported four others. All 
were discovered at necropsy. Since the hypoglycemic syndrome was not 
widely understood before that time, it is not surprising that the early 
tumors reported were not correlated with positive or negative evidence 
of hypoglycemia in the patients’ histories. 

Seale Harris ^ first suggested that the blood sugar level might 
be lowered and hypoglycemic symptoms become apparent owing to 
abnormal activity of the islet tissue of the pancreas. Since that time 
islet cell tumors have been discovered at the necrops}’- of patients who 
had had h}'poglycemic .S3'mptoms. These cases have been reported by 
Thalhimer and Murph3",-^ McOenahan and Norris,*" Smith and Seibel,*” 
Terbriiggen,-^ Barnard,-'^ Rabinovitch and Barden, *“ Cairns and Tan- 
ner,-' and Wolf, Hare and Riggs.-* 

In two of the five cases reported by Smith and Seibel,-® there was 
no history suggestive of hypoglycemia; in fact, one of the patients, dur- 
ing an attack of acute lobar pneumonia which shortly preceded death, 
"behaved as a total diabetic.” The parenchyma of the tumor had an 
arrangement similar to that of islet tissue; but the apppearance of the 
cells suggested a closer relation to duct than to islet tissue. The specific 
C 3 -toplasmic granules characteristic of islet cells could not be demon- 
strated although the fixation was adequate (acetic and formaldeh3'de 
chrome sublimates). The other patient died of a primary liver cell 
carcinoma. In man3^ cells of the tumor specific C3rtoplasmic granules, 
which stained as do the B granules of normal islets, were demonstrable. 

The complete case reported Ity Wilder, Allen, Power and Robert- 
son ““ first suggested operative intervention in spontaneous •hypogl3xemia 

20. Warren, Shields: Am. J. Path. 2:336, 1926. 

21. Thalhimer, W., and Murphy, F. D.: J. A. M. A. 91:89, 1928. 

22. McClenahan, W. V., and Norris, G. W.: Am. J. M. Sc. 177:93, 1929. 

23. Smith, M. G., and Seibel, M. G.: Am, I- Path. 7:723, 1931. 

24. Terbriiggen, A.: Beitr, z. path. Anat. u. z, allg. Path. 88:37, 1931. 

25. Barnard, W. G.: J, Path. & Bact. 35:929, 1932. 

26. Babinovitch, J., and Barden, F. W.: Am. I. M. Sc. 184:494, 1932. 

27. Cairns, R. M., and Tanner, S. E.: Brit. M. J. 1:8, 1932. 

28. Wolf, A.; Hare, C. C., and Riggs, H. W.: Bull. Neurol. Inst. New York 
3:232, 1933. 

29. Death resulted from a pulmonary embolus which originated in the femoral 
vein. 

30. Wilder, R. M.; Allen, F. N.; Power, M. H., and Robertson H F • T A 

M. A. 89:348, 1927. ’ 
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due to suspected islet cell tumor. The first successful operation was 
reported by Howland, Campbell, Maltby and Robinson.^’^ Since that 
time there have been five operative removals of adenomas of the islets 
of Langerhans at Barnes Hospital, St. Louis. Dr. A. O. Fisher removed 
two such tumors (one reported by Carr, Parker, Grove, Fisher and Lari- 
more;- one diagnosed by Dr. L. F. Aitken, not yet reported); Dr. 
Evarts Graham, three ("Womack, Gnagi and Graham;® Graham and 
Womack,^ one not yet reported). Dr. E. R. Schmidt at the University 
of Wisconsin has removed one (Bast, Schmidt and Sevringhaus ®®). 
In each of these cases there was a successful outcome with complete 
alleviation of symptoms. 

Architectural!}'’ and from the point of view of cellular differentiation, 
the pancreatic tumors giving rise to hypoglycemic symptoms have all 
resembled the islets of Langerhans. However, it may not be inferred 
that all tumors with well differentiated islet cells provoke hypoglycemic 
symptoms. One of the two cases without symptoms reported by Smith 
and Seibel illustrates this point. Doubtless other such tumors will be 
discovered at necropsy. The factors Avhich may condition the severity 
of symptoms are enumerated on page 305. 

COMMENT 

The genesis of the islet cell adenoma is of particular interest in view 
of the researches of Bensle}' ®® and Grauer on the origin of islet and 
acinar epithelium from the pancreatic ducts in young adult animals. 
Bensley has shown in rabbits that following ligation of the duct of 
Wirsung the acini and islets degenerate. Coincident with and following 
this degeneration, there is a restoration of islet tissue through the build- 
ing of new islets from the ducts. Grauer demonstrated the regeneration 
of acinar epithelium from the ducts by similarly ligating the main duct, 
waiting until the acinar epithelium was completely destroyed, as proved 
by histologic control, and then reestablishing the duct connection with 
the intestine. With the free drainage of the duct system, the phenomenon 
of regeneration of acini from the epithelium of the duct was observed. 
In several cases the pancreas of young adult rabbits was completely 
regenerated. The epithelium of the duct is thus totipotent, capable of 
forming either acinar or islet tissue. 

31. Howland, G.; Campbell, W. R.; Maltby, E. J., and Robinson, W. L.: 

J. A. M. A. 93:674, 1929. 

32. Bast, T. H. ; Schmidt, E. R., and Sevringhaus, E. L. : Acta chir. Scandmav. 
71:82, 1932. 

33. Bensley, R. R. : Harvey Lectures, Philadelphia, J. B. Lippincott Company, 
1915, vol. 10. p. 250. 

34. Grauer, T. P.: Am. J. Anat. 38:233, 1926. 
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In the central cores of tumors IIIZ; and IV of our series, ducts were 
plentiful. Centrally located ducts were also observed in the tumor 
reported by Howland and his co-workers."’^ Despite the occurrence of 
ducts in the tral)ecu]ae of tumor IIIZ? and crossing into it from the 
normal acinar tissue adjoining, no evidence was obtained to indicate that 
the central mass of ducts was connected with the ducts of the pancreas, 
though it is to be presumed that all ducts found in the islet tumors are 
of this origin. This question can be settled only by the study of serial 
sections through a small adenoma. 

Around the central cores of tumors lllh and IV, in the projections 
of the ducts into the parenchyma and also in the central cores themselves, 
inferential evidence of the differentiation of ducts into islet tissue was 
found (p. 304). It seems likely, therefore, that the ducts of the central 
core in these tumors served as one focal point for the differentiation of 
islet tumor tissue and may indeed have been the ultimate origin of a 
major portion of it. That differentiation from duct tissue alone does 
not explain the increase in size of the tumors is proved by the numerous 
mitoses observed in the islet cells of tumor Illi;. 

At the outskirts of tumors II, lllh and IV, in contiguity with normal 
pancreas, ducts were also present. In tumor lllh, the capsule was 
broken in this area by the passage of ducts from normal pancreas into 
the tumor. In all those mentioned, differentiation of duct into both 
islet tumor and apparently normal acinar tissue was observed. However, 
evidence that a single duct might differentiate into both acinar and islet 
tissue could not be obtained. This, and the failure to find forming acini 
elsewhere in the tumors, might be taken to indicate that the epithelium 
of the duct, while totipotent, may be restricted in its ability to form 
either islet or acinar tissue by environmental or other (intracellular) 
influences. 

Evidence concerning the likeness of tumor cells to A and B cells of 
normal islets must be examined with care. This question cannot be 
settled until the results from a much larger series are weighed. A 
survey of the present material suggests definitely that the type I cells 
of the adenomas have tumor characteristics ; but in order that the stain- 
ing characteristics of the tumor as compared with normal islet cells can 
be finally evaluated, futui'e material must be fixed in 70 per cent alcohol 
and Hermann's fluid in addition to the fixatives previously prescribed, 
Bowie's and Bensley’s stains should be applied to material fixed in these 
fluids and in aqueous chrome sublimate and the results compared with 
those of Lanc.^’- 

Our uncertainty regarding which cells of the tumors have granules 
that color with neutral red has already been alluded to. In tumor V, the 
study of fixed material would lead one to believe that all cells belonged 
to the same category (type I). Yet, in the fresh study, neutral red 
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stained the specific granules of a larger number of cells than in any of 
the other tumors, and cells were met not infrequently which had both 
colored and uncolored granules. 

Tumor IIB had numerous type II cells, yet fewer fresh cells pro- 
portionately stained with neutral red than in tumor V. It is at least 
evident, as previously intimated, that the type II and I cells of fixed 
material do not correspond, respectively, to fresh cells which do and 
do not stain with neutral red. 

The stages of hyalinization as observed in the islets of the pancreas 
(“the most typical pancreatic lesion in diabetes mellitus,” Warren and 
in the islet cell adenomas offer striking parallels. In both, the hyalin 
appears first about the vessels and pushes the cells progressively farther 
awajr from the vascular channels. Two possible origins of the hyalin of 
the islets have been discussed. Those favoring an epithelial origin point 
to the occurrence in the islets of cells the cytoplasm of which colors blue 
with Mallory stain. In a later stage, intracellular hyaline droplets are 
said to appear, these fusing to form hyaline masses about the capil- 
laries. Warren pointed out, hoAvever, that the cells with blue-stained 
cytoplasm after Mallory’s connective tissue stain appear in normal islets ; 
and Bloom, using the Mallory azan method, has found them so con- 
stantly that he has designated them as a third cell type, the D cell. 
\Varren further stated that “the serial section method shows that the 
masses of hyaline are always in contact with the walls of the vessels of 
the islands, and always intercellular.” He concluded : “Hyalinization of 
the islands of Langerhans . . . maj^ be considered as due to pro- 

duction of intercellular substance by fibroblasts and possibly by endothe- 
lial cells.” The evidence afforded by study of hyalinization in islet cell 
adenomas supports Warren’s conclusions. Furthermore, the D cells with 
blue-staining cytoplasmic granules have not been found in the adenomas 
of our series. 

Certain inferences may be drawn between the histologic appearance 
of the islet cell adenomas of our series and the amount of hypoglycemic 
hormone each was capable of producing, as judged by the severity of 
preoperative symptoms and (in two cases) by the insulin assay of a 
portion of the tumor. The patient having tumor IIIZ? showed the most 
severe hypoglycemic symptoms of the series. While the tumor was not 
large, it was actively growing; the majority of cells deviated to the least 
degree from the beta cells of normal islets ; the cells immediately adjoined 
capillary channels. Next in order of severity of symptoms was the 
patient having the 500 Gm. tumor V. The ratio of weight between lUh 
and V was in the order of 1 :250. The appearance of the majority of 

35. Warren, Shields; The Pathology of Diabetes Mellitus, Philadelphia, Lea 
& Febiger, 1930. 



O’LEARY-WOMACK— ADENOMA OF LANGERHANS’ ISLETS 309 

cells deviated more markedly from that of the beta cells of normal islets 
than in any other tumor of the series; the cells were most frequently 
separated from the vascular channels by accumulations of hyalin. The 
insulin assay was relatively low. The patients having tumors I and II 
grade next in order of severity of symptoms. These tumors, like lllb 
were small and had areas in which the cells were widely separated from 
the vascular channels b}' hyaline masses ; areas of degeneration were 
apparent in each. However, the majority of healthy appearing cells 
deviated little from the beta type; and tumor II had an area in which 
the healthy appearing cells closely adjoined the capillaries as in IIH. 
The patient having tumor IV had the least severe symptoms of hypo- 
glycemia. The tumor was the smallest of the group; it contained a 
considerable ai'ea of degenei'ation, and a majority of the cells deviated 
markedly in appearance from normal beta cells, though not as much so 
as in tumor V. Summarizing, then, the apparent factors which determine 
the severity of symptoms are: (1) degree of similitude of the majority 
of cells to the beta cells of normal islets; (2) the access of cells to the 
vascular channels; (3) size of the tumor, and (4) evidence of degenera- 
tion. Another factor which must be considered is tbe functioning of 
the normal islets of the pancreas. 

The evidence developed by Bensley and confirmed by us indicates 
that tliese adenomas may have an age cycle. Do some of them degenerate 
into nonspecific masses after a period of active existence? Tumor IIIo, 
a nonspecific mass with a calcified core, removed from the pancreas that 
lodged Illh, was very similar in histologic appearance to a nodule of 
reddish friable tissue which occurred in the capsule of tumor III& 
(p. 298). The possibility is evident that the nonspecific mass. Ilia, may 
have been an active tumor which produced hypoglycemic symptoms in 
the patient before the development of the apparently young tumor Illb 
(Graham and Womack '‘). Removal of this mass gave little temporary 
relief, and after three days did not result in even a partial amelioration 
of symptoms. 

Changes must be sought for in the pancreatic islets of patients having 
islet cell adenomas producing hypoglycemic symptoms. Such alterations 
would be useful if they proved specific. A biopsy on the pancreas in a 
suspected case without Ausible or palpable evidence of a tumor at the 
exploratory operation might then prove an excellent diagnostic proce- 
dure. Any alterations found must be analyzed with reference to the 
patient’s carbohj^drate tolerance after operative removal of the adenoma, 
since adenomas have been found in the pancreases of diabetic patients 
(Buchner '■*®) . 


36. Buchner, F.: Klin. Wchnschr. 11:1494, 1932. 



310 


ARCHIVES OF PATHOLOGY 


SUMMARY 

Five tumors of the pancreas, operatively removed, have been identi- 
fied as islet cell adenomas, verifying in each case the preoperative diag- 
nosis of hypoglycemia due to suspected tumor. Although the adenomas 
varied in size, gross appearance and apparent age, the majority cell type 
of each was closely allied to the beta cells of the normal islets of Langer- 
hans, but possessed definite tumor characteristics. In only one of the 
five tumors was there evidence of malignancy. 

The staining reactions of the specific cytoplasmic granules in the 
majority of tumor cells of each deviated sufficiently from those of the 
beta cells of normal human islets to lend support to the hypothesis of 
dysinsulinism. 

In none of the cases did the histologic picture of the islets of Langer- 
hans of the pancreas containing the tumor indicate the suppression of 
function that might he expected to parallel the prolonged secretion of 
excessive amounts of the hypoglycemic hormone. 



ZvIALFORMATIOXS OF THE HEART OF THE 

XEW-BORX 

COXGEXITAL LESION'S SL’GGEST1\X OF AX IXFLAMMATORY ORIGIN 

CRETE STOHR, iI.D. 

Pathologist, Woman’s Hospital 
NEW YO?K 

Etiologically. congenital lesions of the heart can be explained either 
on a developmental or on an inflammatorj' basis. Formerl}' most abnor- 
malities tvere considered the result of inflammatory processes, and 
lesions, dcatrized or active, in the region of the malformation v.-ere 
assumed to be of indammatoc}' origin. It was not until Rokitansky, 
introducing the term “fetal endocarditis." laid down certain rigid micro- 
scopic criteria that the rarity of lesions with an inflammatoiy genesis 
was appreciated. The}' occur more frequently in the left side of the 
heart. In 1907. Honckeberg^ could collect from the literature but 12 
reports of such cases, to which he added a case of his own. Since then, 
Fischer,^ Xagel/ Loeser,^ Kockel,-' Ganeff® and Le Tulle ^ have 
described similar cases on an inflammatory basis with marked stenosis of 
the aortic opening. 

Keith, on the contrar}-, on the basis of a study of 270 cases of con- 
genital defects of the heart, reached the conclusion, because of lack of 
scars and because of the concomitant anomalies in other parts of the 
body, that changes are the result, not of infection, but of a disturbance 
of the conditions under which the fetus develops. Vierordt ® estimated 
that other abnormalities, such as harelip. syndacU'lism. horseshoe kidney 
and hypospadia. are found in about 10 per cent of the cases of con- 
genital heart disease. 


From the Clinic of the Woman’s Hospital. 
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Rauchfuss ^ emphasized that septal defects constitute the main indi- 
cation of a developmental anomal}'. The absence of septal defects, 
however, does not always predicate an inflammatory oi'igin, as is shown 
by descriptions of cases of cor pseudotriloculare without septal defects, 
in which the developmental origin cannot be doubted. 

Septal defects occur much less commonly in association with aortic 
stenosis and atresia than with the corresponding lesions of the pul- 
monary valve; according to Vierordt, there are about three times as 
maity cases of aortic stenosis and atresia without, as with, septal defects. 
Theremin collected 17 such cases, in onl}'- 2 of which there was a 
defect of the septum, and in Abbott’s series of 6 cases there was no 
septal defect in 5. It is obvious that in cases without septal defect, the 
determination of whether the genesis was developmental or inflainina- 
toi*}^ is much more difficult. In the cases in which the septum is open, 
it must be recalled that the aortic valve is completely formed in the 
seventh week of intra-uterine life, and the intraventricular septum by 
the end of the eighth week ; hence, in order to explain the nonclosure of 
the septum, it must be assumed that the process of stenosis, if due to 
inflammation, commenced just at the end of the seventh week, and 
ceased before the end of the eighth week, when the septum normally 
closes. This, as Vaquez stated, is inadmissible. 

Another factor which is contradictory to the theory of an inflamma- 
tory origin is that congenital lesions of the heart may be hereditary ana 
familial. De la Camp found almost identical cardiac malformations in 
2 sisters and 4 brothers. Burwinkel described the case of a man of 
54, who had been cyanotic since birth, as were his mother and grand- 
mother and 2 of his 3 children. 

According to Rauchfuss,'’ the time of development of a lesion must 
be placed before the twentieth week of life if a recessus formation of 
the right ventricle (a funnel-shaped extension of this cavity, pointing to 
the left and surrounding the left ventricle) is encountered. 

In general, the size of the right ventricle in relation to that of the 
left is an indicator of the time of occurrence of the lesion; the earlier 
a disturbance takes place, the larger will be the right ventricle, which, 
with a few exceptions, hypertrophies in response to functional demand 
and carries the burden of the whole circulation. 

9. JRauchfuss, C. ; Die ang-eborenen Entwicklungslehler des Herzens vnd die 
Foetalkrankheiten des Herzens und der grossen Gefaesse, in Gerhardt: Handbuch 
der Kinderkrankheiten, Tubingen, H. Laupp, 1878, vol. 4, p. 1. 

10. Theremin, E.: Etude sur les affections congenitales du coeur, Paris, 
Asselin & Houseau, 1895. 

11. Abbott, M. E.: Congenital Heart Diseases, in Osier, William, and HcCrae, 
Thomas : Modern Medicine, ed. 3, Philadelphia, Lea & Febiger, 1927, vol. 4. 

12. Vaquez, H. : Diseases of the Heart, Philadelphia, W. B. Saunders 
Company, 1924. 
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Inflammation is possible as soon as A^essels appear in a system, and 
although vascularization occurs early in the embryo, it is Fischer’s" 
opinion that the rare occurrence of inflammation in early intra-uterine 
life is due not to failure of development of the vessels but to a special 
immunit}? of the embryonal system against infection. In the early period 
the organism lacks cell receptors for toxins; as intra-uterine life pro- 
gresses, the receptors develop, and as gestation reaches its end, the 
embryo is much more susceptible to infections. Ribbert emphasized 
the I'emarkable fact that in congenital S 3 -philis, in which there is often 
an enormous growth of spirochetes in the fetal bod}'-, infection of the 
valves of the heart does not take place. Syphilitic changes in the valves 
have never been found in the new-born (B. Fischer and Herzheimer). 
In general, therefore, it appears that the fetal valves are seldom the 
site of infectious lesions. In the early years of extra-uterine life also 
this specialized immunity seems to hold good. In 1,000 autopsies on 
children under 3 years of age, Ribbert found not a single case of endo- 
carditis. Other observers, however, have reported a few cases occurring 
in this age group. In the second decade of life, as is well known, the 
number of endocardial infections increases enormously. 

The present view thus tends to assign the majority, if not all, of 
the congenital defects primarily to abnormalities of development. How- 
ever, in the folloAving report of 2 cases of morphologically similar 
abnormal hearts in new-born infants, the results of detailed histologic 
examination tend to prove the inflammatory nature of the lesions. 

REPORT OF CASES 

Case 1. — History. — A boy was born, bj' low forceps delivery, of a healthy 
primipara, 28 years old. The prenatal period was uncomplicated. The baby lived 
forty-eight hours, during which he showed severe progressive cyanosis and respira- 
tor}' embarrassment. 

Gross Postmortem E.vamination. — There were no external abnormalities. The 
internal organs were in normal position, and there were no abnormalities except 
in the heart, Avhich occupied the largest part of the thoracic cavity. The 
pericardium was glistening and contained about 10 cc. of clear fluid. The anterior 
aspect of the heart and the apex were formed by the right ventricle; the left 
ventricle was small and appeared as an appendix to the right. The incisura cordis 
was more than 1 cm. deep and was situated to the left and posteriorly. Both 
auricles appeared large. The longitudinal sulcus was situated near the left 
margin and was only 1.5 cm. long. The posterior aspect of the heart was supplied 
mainly by the right ventricle, which measured at its widest 3.3 by 3.2 cm., while 
the left measured only 2.2 by 1 cm. 

The large vessels originated normally. The pulmonary artery, which originated 
without a distinct conus, was 2.5 cm. wide when opened. The branches to both 
lungs were given off in the normal way. The ductus Botalli was 1.3 cm. wide. The 

13. Ribbert, H., in Henke. F., and Lubarsch, O. : Handbuch der speziellen 
pathologischen Anatomie und Histologie, Berlin, Julius Springer, 1924, vol 2 
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descending aorta appeared as the continuation of the pulmonary artery. Below 
the origin of the right carotid artery the aorta was 1.5 cm. in diameter; the 
aortic ostium, however, was narrow, being less than 0.5 cm. in diameter. An 
attempt to enter the aorta from the ventricle failed, as the probe was arrested by 
an elastic resistance at the level of the aortic valve. This obstruction was due 
to the coalescent leaflets of the aortic valve which formed a folded membrane 
on the inferior surface of which were the fused noduli arantii. A narrow slit. 
2 cm. long, in the center of the membrane was the only communication between 
the aorta and the left ventricle. In addition, the lateral portion of the membrane, 
at its upper margin, was intimately adherent to the aortic wall. The sinuses of 




Fig. 1 (case 1). — Thickened endocardium of the left ventricle (elastica stain). 


Valsalva appeared high and flat. The commissures were unusually long. The 
coronary arteries originated normally; their orifices were rather wide. 

The right ventricle appeared normal from inside ; the medial papillary muscle, 
however, was only 6 mm. long, while the others measured from 1.2 to 1 cm. The 
thickness of the wall, without trabeculae, was 3 mm. 

The left ventricle as a whole was turned backward, almost forming a recessus 
to the right ventricle. The endocardium here was transformed into a pale 
grayish, smooth layer of an average thickness of 1.5 mm. The anterior papillary 
muscle was partly coalescent with the endocardial thickening, only a short upper 
portion extending from the wall. The mitral valve was represented by the 
posterior cusp only, as the aortic cusp was lost within the thickening of the wall, 
causing shortening of the corresponding papillary muscle. The chordae tendineae 
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were short anteriorly and long posteriorly, and the spaces between them were 
partly filled by a reddish, gelatinous tissue. The intima of the left auricle was 
normal. The foramen ovale was patent, and its diameter was about 5 mm. 

The epicardium did not show am-thing of note. 

Histologic Postmortem Examination. — Left Ventricle: The thickened endo- 
cardial layer (fig. 1) consisted of elastic connective tissue and in places attained 
a thickness equal to a third of the myocardium. The borderline between the 
endocardium and the myocardium generally nas well marked; in many places, 
however, the elastic laj-er projected into the muscle with long extensions that 
continued along the course of the blood vessels. The elastic fibers were arranged 



Fig. 2 (case 1). — Calcification in the myocardium of the left ventricle. 


parallel to the inner myocardial surface and were coarser and denser in the 
basal layer in the parts projecting into the myocardium. Congested capillaries 
were found in the endocardial thickening close to the myocardium. Near the 
papillary muscle there was a large necrotic area with extensive central calcifica- 
tion. Multiple calcified deposits were found in interstitial spaces occupied by 
hyalinized connective tissue (fig. 2). In the adjacent muscle tissue the capillaries 
were increased in number and engorged. 

The fibers of the heart muscle showed in places irregular arrangement, atrophy 
and vacuolation. The nuclei varied considerably in size and shape, a condition 
which might be attributed to the embr 3 -onic stage of the muscle. Aggregations 
of small round cells were frequently seen (fig. 3), and numerous small necrotic 
areas and islands of cicatricial connective tissue were found in the muscle sub- 
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stance; there were considerable thickening and hyalinization of the blood vessel 
sheaths and extravasation of blood. 

Right Ventricle: There were numerous localized necroses and some round cell 
infiltration in all laj'ers of the heart muscle; there was no increase of the elastic 
tissue. The muscle cells varied in size and structure and were somewhat 
irregularly distributed. The sheaths of the walls of the blood vessels were 
thickened in many instances. 

Left Auricle : Endocardial thickening of the same type as in the left ventricle, 
though of lesser extent, was found, likewise with projections into the myo- 
cardium. The muscle exhibited marked irregularity in structure. 





Fig. 3 (case 1). — Small round cell infiltration in the myocardium of the left 
ventricle. 


Right Auricle : The endocardium was normal ; the myocardium showed 
irregularities of the muscle tissue. 

Septum: There were no changes aside from structural irregularity of the 
muscle. 

Papillarj’- Muscle of the Left Ventricle: Necrosis occupied most of the center, 
with extensive calcification, as described in connection with the left ventricle. The 
adjacent muscle tissue was preserved onl}' in fragments, and there were marked 
increase and engorgement of the capillaries. A broad peripheral layer composed 
of elastic connective tissue formed the outer area. The extent and shape of the 
calcification did not suggest an origin in a former blood vessel. 
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Mitral Valve: In cross-section (fig. 4) the valve represented an irregularly 
folded band and consisted of loose, regularly arranged connective tissue with 
scanty elastic fibers. The endothelium was well preserved in areas. The opposite 
wall of the ventricle showed the endocardial and muscular changes that have been 
described. There was no trace of an active or chronic inflammatory lesion. 

Aortic Valve: The different parts of the valve showed variation in density 
without inflammatory changes. Elastic tissue could not be demonstrated within 
the valve proper, since the elastic surface layer of the wall of the ventricle ends 
at the origin of the valve. 

The right atrioventricular valve, the pulmonary valve and tlie aortic wall 
did not showf unusual appearances. 
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Fig. 4 (case 1). — Transverse section through the mitral valve near the free 
margin, showing fusing and clumping of cusps. 


Case 2. — History, — A boy, born at full term, Iw spontaneous delivery, of a 
healthy secundipara, 28 3 ’ears old, lived for nine daj'S, during w'hich time he 
presented the clinical symptoms of cj-anosis of various intensity with attacks of 
apnea. 

Gross Postvioitein E.vmnination . — The patient was a new-born bo\, 54 cm. 
long, with all the external signs of maturity. There were no abnormalities except 
cyanosis and scattered petechial hemorrhages. 

When the chest was opened the lungs were found to be pushed backw'ard by 
the heart, which w'as much enlarged and occupied the left side and part of the 
right side of the thoracic cavitJ^ The pericardial sac contained about 5 cc. of clear 
serous fluid and showed a good sheen. 



318 


ARCHIVES OF PATHOLOGY 


The heart presented an unusual appearance. The anterior aspect was almost 
entirely made up of the right ventricle and auricle, the latter being greatly dis- 
tended and congested. The left ventricle was about a third of the size of the 
right and simulated a dome-shaped protrusion of the right ventricle. The incisura 
cordis was shifted to the left and was about 0.5 cm. deep. The apex consisted 
entirely of the right ventricle. The main measurements of the heart were: width 
at the base, 5 cm. ; width of the right ventricle at the base, 3.7 cm. ; longest 
distance from the top of the right auricle to the apex, 5.2 cm. ; distance from the 
base of the left ventricle to the apex, 4.2 cm. The longitudinal sulcus was shallow 
and entirely effaced near the base; it measured 2 cm. in length. There was a 



Fig. 5 (case 2). — Diffuse calcifications in the myocardium of the left ventricle. 


subserous hemorrhage about 1 cm. in diameter at the base, near the origin of the 
longitudinal sulcus. Numerous pinpoint-sized subserous hemorrhages were 
scattered over the pulmonary conus and the ascending aorta. The configuration 
of the large vessels was unusual. The pulmonary artery in its ascending portion 
formed an aneurysmal dilatation, with a widest diameter of 9 mm., which after a 
course of 10 mm. gave off its two branches. The main stem, however, con- 
tinued with a narrowed diameter of 5 mm. upward to the aorta, thus correspond- 
ing to a large ductus Botalli. It united with the aorta after the latter had given 
off the left subclavian artery. The aorta originated normally. In its ascending 
portion it formed a wide arch, which varied in width in its different parts but, on 
the whole, was considerably narrower than the pulmonary artery. It measured 6.5 
mm. in diameter at its origin, 4 mm. between the origin of the innominate artery 
and that of the left carotid artery and dilated to a diameter of 5.5 mm. before 
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its junction with the wide portion of the pulmonary artery, referred to as the 
ductus Botalli. Owing to the inversion of the normal proportions in the dimensions 
of the two vessels, it seemed as if the aorta would empty into the pulmonary artery. 
From here on the aorta widened suddenb^ attaining a diameter of 8 mm., and 
formed a second arch in its descending portion. The arch of the aorta and 
the pulmonary artery could easily be probed from the descending aorta through the 
ductus Botalli. The main vessels to the head and the arms originated in the 
normal way. 

Examination of the chambers and valves revealed the following: The wall of 
the left ventricle was uniformly 9 mm. thick; the external layers were homo- 
geneous, and the inner layers were of coarser te.xturc, witli intertwining, whitish 
fibers. The inner surface of the whole ventricle was invested with a dense, whitish 
layer, varying in thickness from 1 to 2 mm. The inner architecture of the 
ventricle ’ was largely effaced; the papillary muscles were obliterated; the 
trabeculae carneae could be vaguely distinguished under the endocardial coat. 
The mitral valve presented only one free leaflet (tlic aortic) ; the short chordae 
tendineae fused directly with the endocardium; the second leaflet was completely 
merged with the endocardium and its contours could be distinguished only 
vaguely. The atrioventricular ostium was moderately stenosed. The left auricle 
was small and of normal shape, and the endocardium did not reveal an unusual 
appearance. 

The wall of the riglit ventricle \yas 6 mm. thick, enlarging to double this 
width in the area of the conus. The cavity was greatly enlarged, forming a 
bulging pouch in its anterior upper portion, which corresponded to the distended 
conus. The tricuspid valve was normalb' developed. The right auricle did not 
present any unusual appearance except for moderate dilatation. The endocardial 
laj’er in both right chambers appeared normal. The aortic ostium was narrowed, 
and the aortic valve was composed of two triangular flaps attached at their bases 
to the ostium and projecting with free edges upward into the aortic lumen; the 
flaps were composed of gelatinous tissue with smooth surfaces, thrown into 
longitudinal folds. The lumen of the ostium was almost occluded by these 
structures, which left an opening only 1.5 mm. in diameter. The pulmonary 
ostium appeared normal. 

The other organs did not reveal unusual changes. 

Microscopic Postmortem Examinatiou. — Left Ventricle: As in case 1, tlie endo- 
cardium was converted into a broad layer of noncellular elastic connective tissue, 
which in some areas was more than half the thickness of the muscle wall. The 
borderline toward the myocardium was irregular and frayed ; the muscle receded, 
and the connective tissue projected into the m 3 'ocardium with finger-like extensions 
frequentlj’’ following the course of large blood vessels. This unusual endo- 
cardial thickening was continued in the left auricle, but ended gradually at some 
distance from the origin of the mitral valve. Large blood vessels in dense 
distribution, occupied or surrounded by calcified depositis, were found near the 
apex in the endocardial coat where it reached its largest extent. In an area 
nearby extensive necrosis with calcification was encountered in the muscle ; in its 
environs vascularization and congestion were most extensive. 

The subendocardial muscle layer was composed of atrophic fibers with wide 
interstitial spaces. There were marked irregularity of the muscle cells, 
particularly at the site of the origin of the mitral valve, and general hyperemia 
and engorgement of the capillaries, which were greatly increased in number in this 
part of the myocardium. In an area of the septum the subendocardial muscle 
layer was intersected by a strand of hyalinized connective tissue with numerous 
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scattered calcified deposits of varying extent, some of them apparently surrounded 
by remains of vessel walls (fig. 5). Round cell infiltration, necrosis or connective 
tissue scars were not found in this part of the myocardium. The muscle fibers 
became more regular in appearance and arrangement toward the periphery of the 
ventricular wall. The sheaths of the blood vessels in all parts showed extensive 
thickening and hyalinization. The most extensive pathologic changes in the myo- 
cardium were evident near the attachment of the papillary muscle of the left 
ventricle where subendocardially diffuse necroses and irregularities of muscle 
fibers and nuclei were apparent. The tissue in the distal portion of the muscle 
gradually became regular, and the attachment of the mitral valve was normal. 



Fig. 6 (case 2). — Transverse section through the tricuspid valve near the free 
margin, showing calcification. 

The mitral valve in longitudinal section presented an irregularly folded band 
composed of loose connective tissue with irregular cellular distribution. Some 
elastic fibers were found at the edges, and in some other areas there were clumps 
of opaque matter apparently corresponding to the gelatinous material seen grossly 
on the surface of the valve. The endocardium was well preserved in many places. 
There was no trace of inflammation as evidenced by round cell infiltration or 
vascularization, and there were no necroses or areas of condensed stroma 
indicative of a previous lesion. 

The tricuspid valve was built of very loose connective tissue; the ground 
plate was little developed. On the upper edge of the atrial surface there was 
a large, knoblike body composed of loose connective tissue in the center and a 
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circular border of dense calcified deposits suggestive of derivation from a 
productive inflammatory process (fig. 6). 

The aortic valve showed uneven contours, and several finger-shaped pro- 
jections extended from it toward the aortic lumen. The ground plate was thicker 
than usual. The endocardium of the aortic surface was thickened and fused 
imperceptibly with the central plate of connective tissue; it contained large blood 
vessels which in a longitudinal section of the valve appeared as a chain of 
transverse sections. The endocardium of the ventricular surface did not show 
vascularization. 



Fig. 7 (case 2). — Aggregations of round cells in the aortic adventitia. 


The aorta and the pulmonary artery did not reveal structural alterations ; 
however, dense aggregations of round cells were encountered in two places in the 
adventitial tissues of the aorta (fig. 7). 

The lungs showed slight congestion and partial atelectasis. There was mild 
fatty degeneration of the liver. The kidneys showed congestion. 

COMMENT 

In evaluating the etiologic factors, macroscopic and microscopic 
changes are taken into consideration, but the histologic picture only is 
accepted as the final criterion for diagnosis. 

In both cases the abnormalities were confined to the pathologic 
changes of the heart. This condition points to an etiologic factor acting 
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locally, since in the presence of developmental abnormalities in one 
organ multiple abnormalities in other organs commonly occur. A 
hereditary etiologic factor cannot be traced in either case since the 
parents and families of both infants were free from congenital abnor- 
malities ; the mother of the patient in the first case subsequently gave 
birth to two healthy babies. This further corroborates the theory of 
an inflammator}'^ genesis, because in a high percentage of deA'^elopmental 
lesions of the heart a familial predisposition can be demonstrated. 

In both cases the malformation was evident chiefly in the left side 
of the heart; there was involvement of the proximal portion of the 
aorta, but the interventricular septum Avas completely developed, Avithout 
defects. In the combined lesion of malformation and endocarditis Avhich 
is represented by these two cases, inA^olvement chiefly of the left ven- 
tricle corresponds, according to Rauchfuss, to the postnatal type of 
primary endocarditis, since in cases of developmental deformities of the 
heart Avith secondary endocarditis the inflammatory lesion is invariably 
seated in the right side of the heart. 

The absence of a septal defect in both cases indicates that the 
deA^elopment of the abnormalities must be assigned to a period later than 
the seventh or eighth week of intra-uterine life because the septum 
normally is closed by this time. Furthermore, at this early stage 
embryonal tissue is not considered to be susceptible to infection. 

These morphologic changes, Avhich are generall}'- considered indica- 
tive of an inflammatory genesis, Avere abundantly substantiated by the 
histologic obserA^ations. In both cases there Avas an almost identical 
thickening of the endocardium, projecting into the myocardium, Avith 
extensiA''e formation of elastic connectiA^e tissue. This picture corre- 
sponds to the phase of healing in a postnatal inflammatory condition 
and consequently indicates a reparative process in these cases. The 
extensWe development of new capillaries and capillary leukocytosis are 
usual concomitants or sequelae of inflammation. In both cases the most 
extensive lesions AA'^ere found Avithin the papillary muscles (similar to 
Fischer’s case), Avhere necroses and calcifications indicate the past 
influence of toxic processes. That the papillary muscle is the seat of 
the most prominent lesion is apparentl 3 ’- the result of increased functional 
demand. Round cell infiltration and capillary leukocytosis Avere found 
AAOthin the myocardium only in case 1 ; they may be considered as proof 
of an inflammatory genesis. The presence of focal necrosis and con- 
nective tissue scars furnishes additional support for this assumption. 

That traces of past inflammation AA'-ere least distinct in the vah^es 
proper can be explained by the fact that the valvular connective tissue 
possesses great regenerative pOAA^er, particularly during fetal life. Con- 
sequently, in our cases the connectiA^e tissue of the valves Avas only 
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slightly inflamed or not diseased, while the endocardium on their sur- 
faces showed extensive pathologic changes and the valves proper 
revealed severe deformities. Regarding the time of occurrence of the 
lesion, there was no apparent illness of the mother or any fault of 
environment which would give a clue to the transmission of infection. 
The onset of the disease obviousl}^ can he placed in an earlier period in 
case 1 than in case 2, since in the former instance the morphologic 
changes were much more extensive and there was obviously a greater 
disproportion between the right and the left ventricle, a condition which 
is based on a longer period of functional compensation and led in this 
case to a recessus formation of the left ventricle. 

SUMMARY 

Two cases of malformation of the heart and aortic stenosis in the 
new-born are described. In view of the anatomic and histologic observa- 
tions the malformations may he considered secondaiy to a primary fetal 
inflammation. 
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CINCINNATI 

When the water-holding capacity of living tissues ^ was first declared 
to be dependent on their content of hydrophilic colloids (chiefly pro- 
teins), it followed as a corollary that edema ^ is merely a state in 
which the normal degree of hydration is heightened. A cause of edema, 
then, was any agency which under the conditions operative in the living 
organism might so afifect the (protein) tissue colloids that they acquired 
an increased capacity for swelling. First in this category was placed 
an abnormal accumulation or production of acids in the involved tissues,''* 
and second, the accumulation of certain nitrogen compounds,'* particular 
emphasis being laid on the amines, especially those which, biologically 
speaking, are poisonous. 

This paper deals further with the second class of compounds. Their 
effects on a pure protein (casein) received this detailed study because 
of the importance which such an action is believed to have for the 
better understanding of what happens in the “inflammatory” types of 
edema. The acid factor alone yields a fairly complete explanation of 
the swelling that characterizes the noninflammatory edemas (such as 
those of heart disease, carbon monoxide poisoning and intoxication with 
various metals) ; and the therapeutic reduction of such edemas through 
the use of alkalis and of various neutral salts may be taken as proof 
of the correctness of the general concept. But in the inflammatory types 
(such as those encountered in conjunction with local or generalized 
infections) mere neutralization of acid with alkalis and salting leave 
a considerable fraction of the edema unaffected. The primary cause for 
this fraction of the edema must, therefore, be different, as must also 
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be the type of the increased hydration observed. We have looked on 
the action of the various amines that are produced in infected areas (and 
produced also as the degradation products of sterilely injured proto- 
plasm) as such a second cause for swelling and have seen the explana- 
tion of the therapeutic failure of alkalis and salts on this fraction of 
the edematous process in their inability to dehydrate the amine hydra- 
tions of protein. The next paragraphs present in summary further facts 
bearing on the general problem, discussing, in particular, the effects 
of various amines on the swelling, the liquefaction and the solution of a 
water-insoluble protein, casein. 


nXPERI.MEXTS 

In these experiments we emplo\-ed a casein of stock origin, free from 
other proteins, carrying about 10 per cent of water and practically 
ashless.'' After low temperature drying, it absorbed (in our terminology 
“dissolved” or “combined with”) 2.12 times its own weight when 
thrown into water. The control tubes in the following experiments 
illustrate this initial swelling of the native, or neutral, protein. Its 
solubility in water (better expressed by saying its “miscibility” with 
water as judged by the production of an optically homogeneous mix- 
ture) was so low that the liquid above the swollen casein mass gave no 
reaction to the ordinary tests for protein. For purposes of further 
discussion it is necessary to keep these concepts of the solubility of 
the protein for water and that of its solubility in water carefully apart. 
The two properties are totall}- different,''’ and while in certain lyophilic 
colloid systems (particularly those of the liquid-liquid type as opposed 
to those of the solid-liquid type) the passage from one element to the 
other may be perfectly smooth (as when blood scrum or any of the 
liquid soaps is mixed with water), solution of the protein in water is not 
a mere continuation of swelling. This fact will appear again in the 
experiments to be described. 

For purposes of orientation the effects of adding increasing amounts 
of an acid to a standard weight of neutral casein in the presence of a 
given quantit}' of water are shown in A in the accompanying illustration. 
In this experiment, as in all subsequent ones, the mixtures were made 
in the cold, the photographs showing the appearance of the reaction 
mixtures at the end of twenty-four hours. Except for the control tube 
(0) which contained 12.5 Gm. (an aliquot portion) of protein with 
ICX) cc. of water, the remaining tubes carried equal volumes of increas- 
ingly stronger solutions of hydrochloric acid (from hundredth-normal 
to tenth-normal). Progressively greater swelling may be noted in tubes 
3 and 4; in the remaining tubes the mixtures set to solid jellies which. 

5. Harris’ casein with 0.59 per cent ash. 

6. Fischer, M. H.; Science 42:223, 1915. 
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with an increase in the acid, became progressively more (optically) 
homogeneous. As commonly said, the casein in these tubes had “gone 
into solution,” but that this was only partially true is proved by the fact 
that the resulting contents of the tubes were still as viscid as egg white. 

The experiment shown in B in the illustration brings out the same 
effects for an alkali, ammonium hydroxide. On comjparison with A, 
it is noted that a region of swelling can hardly be discovered, the casein 
at once passing into solution from tube 4 on. 

The effects of adding equal volumes (5 cc.) of increasingly stronger 
solutions of an alkyl amine, methylamine (again in this experiment and 
in all others referred to hereinafter, in decimal increments from hun- 
dredth-molar to tenth-molar), to a given weight of casein (0.625 Gm.) 
were identical with the effects of ammonium hydroxide, shown in B. 
An increase in swelling was again hardly noticeable, but the degree of 
solution increased steadily until in the final tube an apparently homogene- 
ous mixture (readily miscible with any amount of added water) was 
obtained. This was still a liquid and hydrated colloid, however, for in 
spite of its optical homogeneity it was as viscid as thick glue. 

An identical statement may be made regarding the primary ethyl, 
propyl and butyl amines as well as for the secondary methyl, ethyl and 
propyl amines and the tertiary methyl and eth 3 d amines. It may also be 
said of the quaternary tetramethylammonium hydroxide. As the series 
is ascended (either as to the complexity of the alkyl group or as to 
the number of h 3 ''drogen atoms replaced) the amines become increasingly 
insoluble in water. In the instance of such compounds as dibut 3 damine 
or tributylamine, therefore, the solubility in water will not allow of the 
preparation of such concentrations as are represented in the tubes shown 
in B. Nevertheless, when the proper amounts of these amines were 
mixed with the protein and water the ultimate result (attained in three 
da 3 ^s instead of one) was the same. We attribute this to the fact that 
with sufficient time even water-insoluble amines combine with the pro- 
tein (as do the water-soluble amines) and the resulting compounds then 
swell and dissolve as do the lower members of the series. The biologic 
significance of this fact will be emphasized. 

The amine grouping produces its effect regardless of whether it 
exists as free ammonia or as the primar 3 '-, secondary or tertiary substi- 
tution product thereof. But when these compounds are united with acid 
their effects on protein disappear. Thus, when ammonium chloride is 
used instead of ammonium hydroxide the protein is left unaffected ; and 
the same is true of the amines listed, the h 3 '^drochlorides of which are 
all without action, as shown in C of the illustration (meth 3 damine hydro- 
chloride). 

When the passage is made from the alkyl amines just listed to the 
aiyl amines, name^q phenylamine (aniline), tol 3 damine (toluidine), 
xylylaniine (xylidine), naphthylamine and ethylphenylamine, both the 
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The colloid-chemical changes induced in unit weights of casein in the direction 
of its increased swelling, softening, optical clarity and solution. The successive 
series show the effects of standard concentrations and amounts of hydrochloric 
acid (A), ammonium hydroxide (B), the salt of an amine, methylamine hydro- 
chloride (C), aspartic acid (H), paraphenylenediamine (E), benzylamine {F), 
and pyridine (G). 
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swelling and the solution effects on the casein, while still present, are 
greatly reduced. When the compounds are converted into the hydro- 
chlorides even this slight action disappears. 

Change of the alkyl or aryl amines to their corresponding hydroxyl- 
alkyl or hydroxjdaryl amines leaves their original activity unimpaired." 
But if the oxidation of the modifying hydrocarbon group is carried 
further, as to the aldehyde stage (instanced by the carbonyl amine com- 
monly called formamide) or through this to the carboxyl stage (thus 
yielding the type picture of an amino-acid), all swelling and solvent prop- 
erties disappear. From a chemical point of view, this neutral action 
is explained, perhaps, by the fact that a free amine group is balanced 
by a carboxyl group. The monocarboxyl alkyl amines, such as mono- 
carboxylmethylamine (glycocoll), monocarboxylethylamine (alanine), 
monocarboxjdpropylamine, monocarhoxylisohutyhmine (leucine), mono- 
carboxylheptylamine and 1 -carboxyl 2-hydroxylphenylethylaniine (tyro- 
sine), are without effect on casein. Several of the members of this class 
are the amino-acids split from protein when normally digested. Reason- 
ing biologically, one would not expect that such compounds, constituting 
as they do a portion of man’s dail)'’ food, would manifest any toxic 
properties as judged by the effects of amines on the h3^dration or lique- 
faction of a native protein; and they do not. Some support for this 
point of view may be found in the action of aspartic acid. This produces 
marked swelling of casein, as seen in D of the illustration. Chemically, 
this l-2-dicarbox)dethylamine has its one amine group offset by two 
carboxyl groups (and the more definitely acid nature of the compound 
comes into play). While aspartic acid is frequent!}' listed as one of the 
normal digestion products of protein, it seems probable that the real 
form in which it is broken out of protein is as its amide, namely, aspara- 
gine. And asparagine is without effect on casein.® 

The inactivity of the monocarboxyl alkyl amines is maintained even 
when the NH, group is made to replace an OH in the carboxyl group 
instead of an H on one of the carbon atoms of the mother acid (as in 
the normal amino-acids that may be split out of protein). We thus 
found the amides of formic, acetic, propionic, lactic, valeric, stearic, 
aspartic and benzoic acids to be without action. Urea, which in higher 
concentration produces both swelling and liquefaction of casein, appears 
at first sight an exception to this rule, for it is ordinarily classed as the 

7. When the oxygen is inserted between the alkyl and amino groups, how- 
ever, these hydrating effects disappear. Alphamethylhydroxylamine, for example, 
is without action, whereas its isomer, hydroxylmethylamine, is strongly active. 

8. When only one of the carboxyl groups of aspartic acid is neutralized with 
ammonia, its swelling effect disappears (because the acid nature of the compound 
is reduced), to reappear when both groups are neutralized (for the balance of 
the compound is now on the amine side). Glutamic acid, which is 1-3-dicarboxyl- 
propylamine, acts like aspartic acid. 
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diamide of carbonic acid. However, it may perhaps be looked on more 
correctly as aminoformamide, and its hydrating and solvent action may 
be dependent on the maintenance of the basic amine properties in the 
compound as thus conceived. 

What amounts to the activation of an otherwise inert compound is 
illustrated in the effects of decarboxylation on histidine. Histidine, 
which is without effect on casein, becomes strongly active as soon as it 
is changed to histamine. This chemical degradation has its analog in 
the decarboxylation of any of the alpha amino-acids, such as the changing 
of glycine to methylamine or of alanine to ethylamine. 

Change from a mono-amine to a diamine increases the hydration 
and solution effects of the compound on protein. Thus hydrazine and 
methylenediamine are more active than the corresponding mono-amines 
(ammonia and meth 3 damine). This action appears even in the aryl 
amines. While the phenylmono-amincs arc without marked action, the 
phenylcnediamines are very active. IBut in these the i)osition of the 
amino groups is of great importance. While orthoidienylcncdiaminc 
produces some swelling and solution of casein this effect is small in 
comparison with that of metaphenylcnediamine. The tremendous action 
of paraphenylenediamine is indicated in E of the illustration, an observa- 
tion which explains, through direct action on protoplasm and without 
recourse to vascular change, the long known and almost specific pharma- 
cologic action of this compound in the production of fatal edema in and 
about the neck. 

When an aryl group is added to an active alkyl amine, as in benzyl- 
amine, the new compound retains the activity of the old {F in illustra- 
tion). In this instance the benzene group replaces hydrogen on the 
carbon of the alkyl group. If it is tied to the nitrogen of the amine 
group (to yield the chemical isomer, toluidine) this activity practically 
disappears. The same is true of that other chemical isomer methyl- 
aniline. 

We have also experimented with a series of nitrogenous compounds, 
other than those alread}" mentioned, which are of interest because of 
their chemical relation to these compounds or because they are derived 
from the chemical nucleus of toxins, various protein-split products, 
including the ptomaines, or alkaloids. Thus we found pyridine {G in 
illustration), quinoline, creatinine and hexamethylenetetramine to pro- 
duce swelling and solution of casein. Uric, hippuric and barbituric acids, 
on the other hand, were found to be without effect, as were also creatine 
hydrate, pyrrole, 1-prolin, acetoxime, ethyl nitrite and ethyl nitrate. 

COMMENT 

In an attempt to explain what an acid or an alkali does to a protein 
to make it swell or dissolve, it was early pointed out that this has nothing 
to do with the hydrogen or hydroxyl ion concentrations observable in 
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the protein-water mixtures. The efifect produced is dependent on com- 
pound formation. The proteins behave as do water-insoluble aminofatty 
acids or water-insoluble fatty acids. When on treatment with an alkali, 
for example, the latter are made to absorb more water or to pass into 
solution, one says not that this is because of some mysterious change 
in hydrogen or hydroxyl ion concentration but that the fatty acids unite 
with the alkali to yield a soap. Similarly, the aminofatty acids in uniting 
with alkali yield a soaplike compound. In both instances the newly 
formed products differ from the original aminofatty acid or the fatty 
acid in two ways — they have a greater capacity for dissolving water 
(swelling) and a greater solubility in water. The same action and the 
same effects may be observed on neutral protein when treated with alkali 
(as illustrated in the description of the action of ammonia on casein). 
We believe that the action of the amines here discussed is similar. They 
too, combine with the casein to 3deld a series of chemical derivatives 
which have a greater hydration capacity and a greater solubility in 
water. On this account they swell, become optically more homogeneous, 
soften or even liquefy. 

We wish now to utilize these colloid-chemical findings in an attempt 
to make more precise the mechanism and the chemistry of that effect of 
injury which in physiology is expressed by the term “reaction to injury” 
and in pathology, by “inflammation.” To say that the product of such 
injui^ consists of swelling, cloudy swelling, softening, liquefaction, 
leukocytic infiltration and recovery, absorption or necrosis is to approach 
such an analysis, but it is an analysis still in the terms of biology. A 
more finite explanation would lie in the substitution of physical or 
chemical concepts for these terms. 

The essence of inflammation receives a different definition depending 
on whether one asks a general ® or a special pathologist; and even in 
the latter case it makes a difference whether the answer is made from 
observation on avascular or on vascular tissue. Of the total set of 
changes marking the reaction to injury in vascular tissue several dis- 
appear as soon as nonvascular areas or plant structures are involved, 
for example, changes within blood vessels, increased redness and 
increased heat (the fraction due to the increased circulation of blood 
in a warm-blooded animal). Leukocytic infiltration obviously disappears 
in organisms that have no leukocytes and in plants. Pain is a criterion 
only in sensible organisms. Yet the morphologic essence of the reaction 
to injury persists throughout the organized world, for, as Kite showed 
clearly, even the individual cell when stabbed with a glass needle shows 

9. Ransom, W. H. : The Inflammation Idea in General Pathology^ London, 
Williams & Norgate, 1905. 

10. Adami, J. G.: Inflammation, New York, The Alacmillaii Company, 1907. 

11. Kite, G. L.: Biol. Bull. 25:5, 1913; Am. J. Physiol. 32:146, 1913. 
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a streak of swelling along the path of injur\'. In other words, the only 
universallv present manifestations of the inflammatory response are 
swelling, cloudy swelling and softening or liquefaction of the involved 
part, to be followed by a reversal of these changes (in other words, 
recoverv) or absorption, with or without inten-ening necrosis. The 
physiologic element of disturbed function appears both in avascular and 
in vascular regions. What needs emphasis is that it appears in the latter 
before any of the definitely vascular reactions of inflammation have 
taken place and that it may show itself in the avascular tissue of animals 
or in plants before any morphologic change is discoverable. An organ 
(such as any of the secreting glands or a muscle) may, in fact, be 
functionally dead without macroscopic or microscopic alteration. Put 
another way, a tissue may have lost all its functional capacity without 
evidence of an}- more visible change than is covered by the items of 
swelling, or cloudy swelling, with softening and liquefaction. 

In the experiments detailed we have tried to indicate the chemical 
nature of these changes. They show how materials (other than acids) 
produced in the death of tissues or through the action of micro-organ- 
isms on living tissues act directly on proteins (in our experiments on the 
globulin half of the total proteins found in all cells) to alter their char- 
acter in the direction of (a) swelling and (&) softening, liquefaction and 
solution. 

Ever)' attempt to analyze in chemical tenns the effects of mechanical, 
thermal or electrical injur)', or those of injury through parasitism, shows 
that materials of an amine nature are produced. This is true not only 
of the toxins (which are kept in a separate group not so much because 
of a biologic difference in poisonous effect as because of the type of 
chemical carrier to which they are bound) but especially of the toxic 
products of protein cleavage. Beginning with the bases produced in 
protein putrefaction and called ptomaines by Selmi, it was not long 
before Nencki isolated phenylethylamine from the group and Erieger, 
a whole set of mono-amines and diamines. This author achieved also 
the isolation of choline (hydroxyethyl trimethyl ammonium hydroxide, 
the degradation product of lecithin),^- its next of kin, muscarine, and 
methylguanadine. !More directly germane to this subject of the nature 
of the colloid-chemical changes obser\'able in infection are such analyses 
as those of Emmerling.^’ From 860 Gm. of egg white inoculated with 
Staphylococcus aureus (besides more than 16.7 Gm. of various acids) 
he isolated 3.5 Gm. of trimethylamine ; and from 600 Gm. of moist wheat 
gluten inoculated with Proteus vulgaris, 5 Gm. of ammonia and “appre- 
ciable quantities” of trimethylamine. This high ammonia value is largely 

12. The colloid-chemical activity of the closely related tetramethylammonium 
hydro.x;ide should be recalled. 

13. Emmerling, 0.: Ber. d, deutsch. chem. Gesellsch. 29:2721, 1896. 
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the analytic product of amines. More recently Koessler and Hanke 
proved the direct production of histamine from histidine in selected cul- 
tures of the colon bacillus. Amplification of the earlier studies of the 
chemical eflfects of sterile injury to tissue or of putrefaction or infection 
was brought by Vaughan and Novy and Vaughan, Vaughan and 
Vaughan.’^® About the same time Eustis showed the application of 
histamine (beta-iminazolylethylamine) to the slightly broken skin to be 
followed by intense urticaria, and Johnston demonstrated the edema- 
producing effects of this compound and of various other amines on 
different tissues directly. Within recent years various amines have been 
discovered as the active producers of edema in sterile “wound” shock, 
in eclampsia and in several types of human infection — in short, in a 
whole series of pathologic states of which edema is the sole morphologic 
attribute. 

The experiments detailed show what is the point of attack of such 
compounds. They act on the protein of the living cell and, uniting with 
it, yield a protein derivative. It does not matter, of course, whether 
at the point of injury the poisonous agent is produced immediately, as 
the product of protoplasmic degradation, or mediately, through the action 
of a pathogenic organism. In either case the protein derivative has a 
solvent capacity greater than normal for water and in water, and the 
colloid-chemical and the clinical or postmortem terms that describe the 
newly formed system are covered by swelling, softening, liquefaction 
and solution. 

SUMMARY 

Quantitative experiments are described illustrating the effects of a 
long series of different amines on the swelling, softening and solution 
of a pure protein (casein). The effects are attributed to compound 
formation in consequence of which proteinates possessed of a higher 
degree of solvent power for water and in water are produced. The 
identical compounds, elaborated in consequence of injury and of infec- 
tion, are held to act similarly on protoplasm, through which an explana- 
tion in colloid-chemical terms is found for the swelling, softening and 
liquefaction of tissue characteristic of various pathologic states. 

14. A number of papers by these authors appeared in the Journal of Biological 
Chemistry from 1919 to 1924, several of which deal specificially with the direct 
production of histamine from histidine (J. Biol. Chem. 39:521 and 539, 1919; 50: 
131, 1922; 59:803, 1924). 

15. Vaughan, V. C., and Novy, F. J.: Ptomains, Leucomains, Toxins and 
Antitoxins, Philadelphia, Lea Brothers & Co., 1896. 

16. Vaughan, V. C.; Vaughan, V. C, Jr., and Vaughan, J. W.: Protein Split 
Products in Relation to Immunity and Disease, Philadelphia, Lea & Febiger, 191.t. 

17. Eustis, Allan: Am. J. M. Sc. 143:862, 1912; New Orleans M. & S. J 
66:730, 1914. 

18. Johnston, A. R. : J. Infect. Dis. 42:473, 1928. 
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In a previous experimental study of the heart in hyperthyroidism ^ 
we discussed the various opinions concerning the lesions in human 
hearts in association with h3’perth3'roidism as well as the experimental 
evidence of the character of such pathologic disturijances in the heart.s 
of animals used for experimental study. We concluded that the evi- 
dence of the existence of a specific th3Toxine'inducefl cardiac lesion was 
not entireh' convincing. 

It was further suggested that such damage to the cardiac muscula- 
ture might he the result of cardiac overwork resulting from hyperthy- 
roidism rather than due to the direct impingement of tlwroxine. This 
opinion was based on the occurrence of similar lesions in the heart of a 
rabbit in which the inhibitor3- nerve control to the heart was de.stroyed. 
This prompted us to investigate further the role of uncontrolled heart 
action in the production of the lesions in the heart in h3'perth3'roidism. 

Accordingh', we selected a number of hcalth3' rabbits, divided them 
.into four groups and placed the animals in individual cages under clean 
h3'gienic conditions on a diet sufficient to maintain a relativeh' constant 
weight. Group 1 consisted of rabbits in which the depressor nervous 
mechanism of the heart was destro3'ed. Group 2 was composed of 
rabbits fed desiccated th3roid fArmour’s) to the point of toxicit3-. 
Group .3 consisted of rabbits with the depressor mechani.sm destro3'ed, 
with the additional administration of ephedrine or desiccated th3'roid or 

From the Department of Pathology of the University of Oregon Medical 
School. 

Aided by a grant (ZdO) of the Committee on Scientific Research of the 
-American Medical Association and technical assistance from the Research Fund 
of the Rockefeller Foundation to the }vlcdical College. 

1. Bienne, F. R.; Keane, R. H.; Henry, R. T., and Jones, N. 3V. : Am. 
Heart J. 8:75, 1932. 
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both. Group 4 consisted of rabbits under similar conditions of housing, 
but unmolested in any wa3^ The following results were obtained : 

EXPERIMENTS AND RESULTS 

Group I— Ten rabbits were operated on under ether anesthesia. A number 
of these were given preliminary doses of sodium amytal but this was discontinued 
because of the undesirably long postoperative anesthesia resulting in respiratory 
congestion. The carotid canals were exposed through a midline incision, and an 
inch section of the depressor fibers on either side was removed. The carotid 
arteries were then carefully denuded of their investments up to and including the 
carotid sinus at the bifurcation forming the internal and external branches. 
Following this effacement, the denuded artery was gently swabbed with 95 per 
cent alcohol. An immediate enlargement of the arteries and an increase in the 
pulse rate were observed. Following the operation the animals were kept in a 
warming chamber until they completely recovered from the anesthesia. 

All pulse rates were determined from the electrocardiographic tracings (lead 
II needles inserted beneath the skin were used for electrodes). A number of 
such tracings were made prior to operation in order to accustom the rabbits to 
being tied down and to determine the normal for a given rabbit. All such 
manipulation was accomplished with the minimum excitement in a quiet room. 
The normal pulse rate in this group varied from 175 to 330, the average being 
251 per minute. The rabbits were kept under observation for a variable period 
from two to fifty-one days. Three of these animals showed a loss of weight; 
in two tliere existed a secondary infection. In seven of the ten rabbits an 
average increase in pulse rate of 63 beats per minute was obtained, while two 
actually showed a decreased pulse rate. 

Although the electrocardiographic tracings were made with lead II, only cer- 
tain changes were manifest in the action of the heart. There was evident a 
variation from simple tachycardia to inverted P and T waves with an occasionally 
altered Q R S complex. In rabbit 29 there was an additional auricular fibrilla- 
tion. These findings were not altogether constant or in proportion to the extent 
of the myocardial changes found at autopsy. They were, however, in general, 
suggestive of myocardial damage. 

Seven of the rabbits were killed at the end of the observation period. Three 
were found dead. All were carefully studied at autopsy. Search was made for 
such disturbances as might have a bearing on the changes in the heart. In six 
of the rabbits, no noteworthy changes were found. In two there were stitch 
abscesses, while in two others abscesses were found in the neck and left lung, 
respective!}'’. 

Gross Examination of the Hearts : A moderate variation was observed in the 
gross appearance of the hearts (fig. 1). In general, however, the auricles were 
found moderately dilated. The subepicardial fat of the ventricles was scant. The 
left ventricles appeared elongated and hypertrophic. The hearts of the animals 
found dead were dilated, being filled with blood. The average weight of the 
hearts of the animals that were Idlled was 8.9 Gm. as compared with 12.2 Gm. 
in the rabbits that died, the difference being in part due to the blood content m 
the latter. The heaviest hearts were found in those’ animals in which infections 
were found and also in one in which there was an ileus due to cutting of the right 
vagus nerve. The smaller hearts were found in the rabbits that were observed 
the longest after operation. 
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The average length of the ventricles from the auriculoventricular groove to 
the apex %^as 3.4 cm., being the same in the animals that vrere killed and those 
that died. A variation occurred in the transverse diameters, the aeerage in Jie 
animals that were killed being 2.44 cm. as compared uith 2.76 cm. in those found 
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Fig. 1. — Photomicrograph showing the gross appearance of the hearts in group 
1. Portions were excised promptly after weighing so that they might be fixed 
for the purpose of demonstrating glycogen. 


dead. This difference was most marked at the apex (1 cm. from the tipj where 
the hearts of the animals that were killed measured 1.61 cm. as compared with 
223 cm. in those that died. Evidently cardiac dilatation affected the transverse 
measurements to a greater extent than it did the lengths of the hearts. "When the 
hearts were sectioned transverseh, the reverse was found in the measurements of 
the left ventricles. In the animals that were killed the left ventricles averaged 1.8 
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cm. as compared with 1.6 cm. in the rabbits found dead. Hypertrophy of the 
wall was found to be responsible for this difference. 

Microscopic Examination ; Sections were made at three different levels 
through both ventricles. An attempt was made to determine the glycogen content 
by the use of special stains. Such efforts were unsuccessful. Because of an 
inability to demonstrate glycogen with such methods in control animals, the effort 
was abandoned. The glycogen in the cardiac muscle evidently exists in such a 
nebulous state that it is not readily detectable by staining methods. All sec- 
tions were stained with hematoxylin and eosin and with phosphotungstic acid- 
hematoxylin. Relatively bizarre cytologic changes were observed. There was 



Fig. 2 (group 1). — Photomicrograph of an inflammatory-like intermuscular 
accumulation of histiocytes. There was no gross evidence of infection in this 
animal. 

noticed an irregularity in staining. Even with the most careful technic certain 
areas failed to be differentiated. Here the muscle bundles appeared swollen, and 
the cross-striations were found to be blurred. Then, too, small collections of 
histiocytes (monocytes) would be seen to separate the muscle bundles (fig. 2). 
In still other areas distortion of muscle bundles with fraying, small fat vacuole 
formations and early hyperplasia of the fibrous connective tissue were noted (fig- 
3), while in still other areas the fibrosis and wide separation of the muscle 
bundles were more extensive (figs. 4 and 5). These illustrations are all from 
the heart of rabbit 29. This animal was allowed to survive twenty-six days after 
operation. The course, with the exception of the increased heart rate and the 
general autopsy observations, was entirely normal. The lesions found in the 
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papillary muscles, particularly those supporting the chordae tcndincac oi the mitral 
valve, were found to be older, more hyaline and more extensive. On the basis 
of such abnormal histologic changes, examination of two of the hearts of the 
rabbits gave negative results while the results in five were considered slightly posi- 
tive and in three definitely positive. 



Fig. 3 fgroup 1). — Photomicrograph of an early focal degeneration of the 
mjocardium. Xote the sacuole formation and flistortion of the continuity and 
relationship of the muscle bundles, 

Commeut . — In arriving at a ajnclucion as to the significance of the 
changes occurring in the heart'- of rahhits with the depre'>or nerve 
mechaniem to the heart destroyed, several important factors muct he 
taken into consideration. Fir<-t, the completeness of the operative inter- 
vention will be considered. Although it seems relatively ‘-imjde, certain 
difficulties Avere encountered. The heart rate was. on the average, very 
rapid. In certain animals in which the heart rate wa'- high, it wa'- ofb-n 







Fig. 4 (group 1). — Photomicrograph of a more advanced stage, with wider 
separation of muscle bundles and fraying, owing to focal fibrosis. 
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Fig. 5 (group 1).— Photomicrograph of an area of marked fibrous connective 
tissue separation and replacement of muscle bundles. 
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cIEzcult to the rate hy opersnon. Thtn. zo-o. accessory anasto- 

tt'Osirts’ nerre itrj^rs may and probably do occur, so that tr.e inhrbmon 
v^'as onlv :n risn destroyed, and thrs v/as aj^parentiy compensated tor. 
In a numlrer of instances. r.vo or three depressor <' r) fibers v. ere touna 
acconipanvirez the -.xtrus. Secondly, one must consider the p-ossibilitr.' 
of indi'ddual variation in the compensatory adjustment of the caro-ac 
acttvinr. and thirdiv. the fact that the animal vras conSned to its cage and 
not in its natural vdce range inabitat. v.'here ordinary vicissitudes -.vouid 
innuence the strain piaced on ia= irritable heart, must rx: reckoned vdth. 
In addition to these the possibilit}' of pree.xisting datnage to the cardiac 
m.uscie must also i/e considered. There is also no v.-ay of detetmining 
many of the disturbances that m.ay call for excessive cardiac strain such 
as occur in human beings. In this ext/eriment there seem.s to l>e some 
relationship bettveen the duration and the extent of the lesions. It vouid 
seem, that they appeared m^ost strii-nnch- in the hrst three v.x-el^. since 
one of the rabbits vdth a tv/enty-six day course shoved more definite 
lesions than vere found in the rabbit Jiving fifty-one days after the 
operation. 

There appears to le a paraileiisni of the increase of the lieart rate 
and the occurrence of lesions -vithin the heart. The more pronouncedly 
damaged hearts vere found, vith one excer/tion «' rabbit 30;. in the 
rabbits in *.vhich the heart rate vas increased above CO ibeats per minute. 
Ir.d:''.'idual compensator/ adjustment may account for the Jack of e:- 2 .ct 
gradation of the iedons. Most of these animals vere obser/ed to be 
inactive. They vere found Ivng dovn a great deal of the time. This 
undoubte-dly 'nad the ehC'Ct of lessening the strain on the heart. The 
temperament of the indi'ddual animals must be considered in alloving 
for such comnensator/ adjustments. 

The role of infections in the production of the patholo.gic changes 
m the hearts is of interest, since it may be argued that they are the 
causative agents. Three of the rabbits in this series had infections. One 
oi tnese d:ed vith a stitch absces=. but no lesions vere found in the 
heart. In the other r//o. v/hich had distinctive changes in the heart, such 
lesrotis vere not considered more pmonouncc-d than those in the hearts 
oz the annuals that had no traceable infection. In none of the hearts 
OI the inxected annuals vas there eridence of mycotic foci. Poh.Tnorpho- 
nuciear Ieu.uocr.trc infiltration vas not found, and yet one cannot exclude 
the posscbiluy oz circulating toxins in such instances. \Ve vere unable, 
thereiore. to conclude that such lesions vere produced by the coezrisiing 
miections. although v/e must admit their augmenting role. 

There appears to -os to be a deSnite relationship of the lesions in the 
nearts or tne rabbets of this groxzp to the altered increased rate of the 
Heart induced by destroying as completely as possible the inhibitor*/ nerve 
mechanism. 



Table 1 (Group 1). — Experimental Data Concerning Rabbits with Cardiac 

Inhibition Destroyed 
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ARCHIVES OF PATHOLOGY 

In order to study further the comparative effects of unbridled action 
of the heart, mechanically induced, with that of the rapid heart rate of 
rabbits with induced hyperthyroidism, we decided to investigate a some- 
what similar series of such animals under the same conditions. 

Group 2— The rabbits were about the same average weight as those in 
group 1. They were raised, housed and fed in the same manner. They were 
given doses of desiccated thyroid (Armour’s) in amounts varying from 90 to 
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Fig. 6 (group 2). — Photograph of the gross appearance of the hearts of rabbits 
with induced hyperthyroidism 

720 mg. daily in two dose-periods of varying days with various intermissions, the 
object of this procedure being to induce the animal to pass through two succes- 
sive toxic periods. Considerable variation was encountered as to the tolerance of 
rabbits toward desiccated thyroid. Some of them became rapidly toxic on 90 mg 
of thyroid a day, while others increased in weight, became complacent and even 
somewhat lethargic. In four instances it became necessary to increase the dosage to 
from 270 to 720 mg. daily before the toxic symptoms began to appear. Tiie toxic 
dosage was continued until marked loss of weight, increased irritability and ueak 
ness developed. It was then discontinued until the animals began to approach 
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a normal status, when a second series ol feeding was started and carried to a 
similar end-point. Eacli animal, tlicrefore, received two rather distinctive jolts. 

The average increase in pulse rate (taken by elcctrocardiograpliic tracings) 
ranged from 30 to 165 beats per minute, the average for the group being 82. The 



7 (group 2), — Photomicrograph of the myocardial damage with fat vacuole 
formation, fraying of muscle bundles and earlj' fibrosis. 


majority of the rates were high, since the average also includes those slower rates 
occurring when the animal was approaching collapse. 

The electrocardiographic tracings (lead II) revealed a marked variation from 
inverted P and T waves to regular or slower or normal rhythm, while in others 
the reverse was true. Rabbit 50 showed an inverted P wave occurring at irregular 



344 


ARCHIVES OF PATHOLOGY 


times. In rabbit 48 there was a regular to irregular rhythm with sinus block. 
In rabbit 43 the rhythm was regular to irregular with final flutter. The latter 
occurred in three rabbits (43, 46 and 47). These changes also point to mj'ocardial 
damage. Again the variations in rhythm were not entirely consistent with the 
modifications of the cardiac muscle found at autopsy. Six of these rabbits were 
killed when they were near collapse, while five died during the night. 



Fi- 8 (-roup 2). -Photomicrograph showing extensive degeneration and sepa- 
ration^of the muscle bundles with fibrous connective tissue replacement. 


Autopsy revealed general emaciation in all, and in two (43 and 48) ab^ 
„erf l™nd i„ ,h. right plehral cavities. No other noteworthy gross pa.holog.e 

'"“r^ss'E— , ot the Hearts, AU oC the hearts were P-.iea.Me;- 
of snbepieardial tat (hg. 6). Four of the five hearts o the abb.tsj^^ 
found dead showed marked right-sided dilatation. n ge ' 

rabbits that were killed were pale, firm and J^Xd with such 

8.16 Gm. A, may be seen in table 2, all measurements were reduced, 

variations as might be expected in dilated hearts. 
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Microscopic Examination: As was true in tlie examination of the hearts in 
group 1, a similar but more extensive pol\chromatopIiilia was noted. Regional 
shrinking and focal liypcrtrophy of the muscle bundles were oI)served. A spotty 
swelling of the mu'cle bundles with blurring of the cross-striation was Jiotcd. 
In still other areas rather complete dissociation with interruption of the muscle- 
bundles was seen (fig. 7). Here a fibrillar reticulum separated by circular fat 
vacuoles with fraying of the muscle bundles and early proliferation of fibroblasts 
was noted. .As in the examination of the hearts in groui) 1, all gradations to 
larger areas of replacement of fibrous connective tissue were observed (fig. 8). 
Here, too, the pathologic lesions were found in the left ventricle. They api)enrcd 
to be more pronounced in the i)ai)illary muscles and in the lower half of the left 
ventricular walls. Ten of these hearts were regarded as having definite lesions. 
Tlie latter were most pronounced in the hearts of the rabbits with abscesses in 
the pleural cavities. 

Comment. — It seems tej its that there is, Mifticient cvifleiicc to indicate 
that distinctive damat^e to cardiac imi.sculature occurred in these rabbits 
following the administration of repeated do.se.s r)f desiccated thyroid. 
While it is true that heroic do.ses were administerefl over long periods 
in order to produce such disturbances, it must be remembered tliat the 
housing of the rabbits in cages is comparable to placing a ])atient with 
hyperthyroidi.sm at rest in bed. Under such conditions there is a mini- 
mum taxation of cardiac function. The variation in the dosage employed 
and the total number of days required a.s well as the time interval 
between do.ses appear to us to be consistent with individual constitutional 
ability of each animal to resist, maintain and re.store metabolic equilib- 
rium. Intimately linked with this status are the loss of weight, increase 
in the pulse rate and the ability to re.sist infection and death. The weights 
and measurements of all the hearts in this grou]) are i>ro])ortionatc to the 
variations in body weight, the terminal condition of the body as a whole 
and of the heart in particular being one of inanition. The variations m 
the e.xtent of cardiac damage, as may be seen in table 2, were not always 
proportionate to the severity of the toxicitv', since the animals that were 
found dead from the thyroid insult did not always reveal extensive 
pathologic changes in the heart. This fact may mean that our e.xamina- 
tion and criteria of cardiac disturbances were not sufficiently compre- 
hensive or that greater influence must be attached to cxtracardiac failure 
in bringing about death. It is likely that rabbit hearts may var}’- in their 
susceptibility to injurious agents just as do human hearts. In rabbits 43 
and 48, the presence of an infection (probably secondary to the lowered 
resistance) seems to have augmented the destruction of the cardiac 
muscle. There was no way of determining the exact relationship of these 
two conditions in these animals. The fact that there were these dis- 
crepancies in results when the body was flooded with the active principle 
of desiccated thyroid would seem to vitiate the contention that there 
is a specific differentiated effect of thyroxine on the cardiac muscle. 



Table 2 (Group 2). — Effect of Feeding Desiccated Thyroid to Rabbits 
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Group 3 (table 3). — Since we were able to produce comparable cardiac lesions 
by either of the two previous experimental procedures (groups 1 and 2), it 
occurred to us that a combination of both of these experimental conditions should 
be productive of cumulative results. We therefore operated on seven rabbits. 
After tbeir immediate recovery from the operation (forty-eight hours), desiccated 
thyroid was administered to three in daily doses of 180 mg., while two rabbits 
were given in addition daily intramuscular injections of 4 mg. of cphcdrinc. In 
addition, four rabbits were given 4 mg. of cphcdrinc twice a day but were not 
fed desiccated thyroid. The cphcdrinc was added in an attempt to increase 
the peripheral resistance by raising the pulse pressure and thereby increasing the 
work of the heart. The pulse rates and hlood pressures were determined by the 
method of AlacGrcgor - before each injection of cphcdrinc. The foregoing dosage 
was found to bring about the juaximum increase in the pulse pressure in the 
different animals used. Although the series is small, there was found a decided 
variation in the response to cphcdrinc. The cphcdrinc was not administered 
during the entire period of observation, but only for the number of days indicated 
in the brackets (“No. of days,” table 3). 

In the animals fed desiccated thyroid, the loss in weight was found propor- 
tionate to the degree of toxicity. The increase in pulse rate was found greatest 
in the two rabbits receiving both desiccated thyroid and cphcdrinc. Although the 
average increase was not as great in any of these animals as it was in those 
of groups 2 and 3, the counter-effect of the cphcdrinc may have been responsible. 
The increase in pulse pressure was apparently somewhat greater in the rabbits 
(65 and 67) that received both desiccated thyroid and cphcdrinc. Only one of 
these animals (67) died of prostration. 

The clinical course of these animals is in sharp contrast in the two subgroups. 
After several days the rabbits given desiccated thyroid became irritable, lost 
weight and became weak, diarrhea and prostration appearing, while the course 
of the rabbits receiving only cphcdrinc was negative. 

The electrocardiographic tracings (lead II) revealed simple tachycardia in 
two of the rabbits (61 and 65), while in rabbit 44 there were inverted P and T 
waves with irregular cycle lengths indicative of dying muscle. In rabbit 44 there 
was also a tachycardia with inverted P and T waves with cycles of flutter. Only 
two tracings were made of these animals, but the findings were consistent with 
the damage in the hearts. 

The autopsies in general gave negative results, with the c.xccption of the occur- 
rence of an old chronic fibrous pleuritis in one rabbit (44). 

Gross Examination of the Hearts : The hearts in rabbits 44, 65 and 67 were 
small, pale and devoid of subepicardial fat and averaged 7.42 Gm. in weight. On 
the other hand, the hearts of the group of rabbits that received cphcdrinc were 
large, broad, deeplj’- pinkish red and covered with subepicardial fat, and averaged 
10.1 Gm. in weight. As is indicated in the measurements, the hearts in subgroup 
A were longer and narrower than those in subgroup B. In the rabbits receiving 
postoperative toxic doses of desiccated thyroid, a badly damaged cardiac muscle 
(4 plus) developed, while a similar effect was produced in only one of the two 
rabbits receiving in addition maximum doses of ephedrine for the same period ; 
this variation is unexplainable, since in the second animal (67) a greater loss in 
weight and increase in pulse rate and pulse pressure developed, unless individual 
resistance is considered responsible. The results obtained in the rabbit receiv- 

2. MacGregor, Leone: Arch. Path. 5:630, 1928. 



Table 4 (Group 4). — Data on Controls — Normal Rabbits 
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ing only eplicdrinc following llic operation were definite, but tlic lesions in tlic 
heart were not as extensive as anticipated. In addition to technical diflkultics, 
the probable preoperative hypertrophy of the.se hearts must he considered as 
mitigating the effect, since the ephedrine was administered from nineteen to forty- 
seven days prior to the destruction of the inhibitory mechanisms of the hearts. 

Apart from these moflifyinff influences this experiment suggests an 
augmented supportive rule of destroyed carrliac nerve inhibition, tlie 
admini-stration of desiccated thyroid and the increase of vascular tonus. 

Grouty •} f table 4). — This group of six rabbits constitute the normal control 
group. These rabbits were selected and kept under the same conditions as those 
in the other experimental series. They remained at a relatively constant weight 
e.xcept for an increase in two of them. Three died at operation. T heir jiulse 
rates remained relatively constant, averaging 200 heats per minute. One of the 
rabbits revealed a cardiac irregularity interpreted as a sinus block, extrasystoles 
appearing in the electrocardiographic tracings. Kahhits 3d, 37 and 38 continued 
to have a normal rhythm. In rabbits 52 and 53 there were inverted P and T 
waves. The clinical course was fithcrwise negative as were the gross findings 
at autopsy. 

Gross Examination of the Hearts : .All of the hearts were considered of 
moderate size and rather deeply colored, with the usual distribution of subepi- 
cardial fat. Except in two instances (37 and 53). the weights were relatively 
constant, averaging about 8.8 Gm. The hearts of the rabbits that died were 
shorter and broader than those of the ones that were killed. 

Microscopic Examination : None of the lesions dcscrihctl in the hearts of the 
other groups were seen. 

CO.M PAItATI VK Kr..SUI.T.S 

A con.sideratioii of the comparative re.sult.s f table 5) revealed a rela- 
tive uniformity in the average original weights of the rabbits used in 
the different .series, the one exception being those in subgroup A in 
group ,3. There was no loss of weight in group 1, the rabbits operated 
on to destroy the inhibitory fibers to the heart. The greatest loss in 
weight occurred in the scries of group 3 A, in which both the ojjerative 
procedure and the administration of desiccated thyroid were used. Con- 
sidering the variations in pulse rate that may be found in normal rabbits, 
the original average pulse rates were fairly uniform (200 to 251 ). The 
greatest increase in pulse rate occurred in rabbits fed desiccated thyroid 
(increase of 82 per minute). Comparable with this is the increase in 
pulse rate of 63 in seven of the rabbits of group 1, while in three of 
the rabbits decreased pulse rates actually developed. In these animals 
the pulse rate decreased immediately following the operation, but 
showed an increase later in the course of obsen^ation. 

Certain irregularities occur in the weights of the hearts. Whenever 
autopsy was performed the large vessels leaving and entering the hearts 
were promptly cut so that the heart that stopped in .S 3 \stole could be 
emptied of blood before it was accurately weighed. This was not 
possible in the animals found dead (having died during the night). For 
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this reason the weights and measurements of the hearts were divided 
within the groups. Accordingly, the average weight of the hearts of 
the rabbits that were killed was the lowest in group 2 (8.16 Gm.), while 
it was greatest in-group 3 B (10.1 Gm.). In proportion to the final 
body weight, the opposite was true, the hearts of group 2 being of 
the average body weight as compared with of the average body 
weight in group 3 B. When one considers the ratio of the average final 
heart weights to the average final body weights, the largest hearts 
occurred in the rabbits receiving desiccated thyroid and in those animals 
operated on in addition to being fed the desiccated thyroid, namely, the 
rabbits in groups 2 and 3 A, respectively. The average weights of the 
hearts in group 1 arc similar to those in the normal control group. In 
like manner, the hearts in these two groups (2 and 3 A) were the longest 
(3.83 and 3.35 cm,). Their transverse diameters were also the narrow- 
est but more uniform considering the measurements from the auriculo- 
ventricular grooves to the apexes. Their left ventricular diameters were, 
however, comparable to those of the controls (group 4). When the 
hearts of the rabbits in group 1 are compared with those of groups 2 
and 3 A, they are found to be somewhat heavier, shorter and wider at the 
bases although their ape.xcs were slightly narrower. The left ventricular 
measurements were similar. Although these weights and measurements 
of the heart were undoubtedly subject to inaccuracies owing to the 
manner of death, the retention of blood and the limitations of precision, 
both human and mechanical, there is evidence to support further the 
conclusion that the augmented heart rate induced hypertro])hy after an 
interval of time and that there eventually resulted disturbance within its 
architecture. The latter condition may be due to a disproportion between 
the heart’s load of work and its available nutrition. 

COM MEXT 

A comparison of the results .shows that lesions were produced in 
varying degree in the hearts of 80 per cent of the rabbits (group 1) 
operated on to destro}^ the inhibitor}' nerve mechanism, while approxi- 
mately 90 per cent of the hearts of the rabbits (group 2) made toxic 
with desiccated thyroid showed similar lesions. It is also evident that a 
combination of both of these experimental conditions produced more 
striking results. 

The facts that have evolved in this stud}' appear to us to substantiate 
the claims of other investigators (Goodpasture,® Cameron,^ Hashimoto,® 
Takane®) as well as our own that certain lesions do occur in the hearts 

3. Goodpasture, E. W.; J. A. M. A, 76:1545, 1921. 

4. Cameron, A. T., and Carmichael, J. : Am. J. Physiol. 58:1, 1921. 

5. Hashimoto, H. : Endocrinology 5:579, 1921. 

6. Takane, K. : Virchows Arch. f. path. Anat. 259:737, 1925, 
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of rabbits made toxic by the administration of thyroid products 
(thyroxine). It also seems to us that such lesions are similar to those 
described in human hearts by Fahr and Kuhle " and Goodpasture/' 
although one might question the conclusion of these a-uthors on the basis 
of the material used for study. Weller’s ® investigation, in which he 
was unable to find any lesions in the hearts of thirty-five patients with 
exophthalmic goiter that could not be matched in the hearts of a control 
series, is at variance with the studies of these authors. We have not 
had the opportunity to study adequate and reliable human material, 
since it appears to us that the evaluation of the effects of hyperthy- 
roidism on the human hearts should be made on the basis of the study 
of the hearts of persons dying of fulminating hyperthyroidism in the 
earlier decades of life when the cumulative damages of previous cardiac 
insults may be excluded or minimized. It is our belief that in older 
persons with oncoming arteriosclerosis, occupational vicissitudes, etc., 
the cardiac damage induced b}' an excess secretion of thyroxine cannot 
be readily separated from other nonspecific traumatisms of the cardiac 
muscles. 

All clinical obseiu^ations point to a basic damage of the myocardium 
in instances of toxic hyperthyroidism although the disease entity is 
considered as having a more widespread character (Rake and 
McEachern “’). Our studies support this point of view. 

If one accepts hyperthyroidism as a disease entity in which certain 
cardiovascular irregularities become dominant clinically and experi- 
mentall}'", there ai'ises the question of the specificity of a toxic influence 
of an excess thyroxine content of the blood on the cardiac muscle. 
Yater expressed the belief that it is “increased thyroxin content in the 
heart muscle which causes the heart to beat more rapidly and more 
vigorously” and that there is “associated with this a general vascular 
relaxation brought about by local action of metabolites on the arterioles 
and capillaries.” Rake and McEachern ® concluded that hyperthyroidism 
by itself produces no specific lesions in the myocardium. These authors 
pointed to the absence of gl3^cogen in the experimentally produced dis- 
ease, as determined by Hoet and de Fauw,^^ as indicating susceptible 
undernourished muscle that yields readily to damaging influence. Lehr- 
man and Means, in an anal3'sis of one hundred and eight3^-four patients 


7. Fahr, T., and Kuhle, J.: Virchows Arch. f. path. Anat. 233:286, 1921. 

8. Weller, C, V.; Wanstrom, R. C.; Gordon, H., and Bugher, J. C.: Am. 
Heart J. 8:8, 1932. 

9. Rake, G., and McEachern, D.: Am. Heart J. 8:19, 1932. 

10. Yater, W. M.: Am. Heart J. 8:1, 1932. 

11. Hoet, J. P., and Marks, H. P.: Proc. Roy. Soc., s. B, 100:72, 1926. 

12. de Fauw, J.: Compt. rend. Soc. de biol. 105:228, 1930. 

13. Lehrman, J., and Means, J. H.: Am. Heart J. 8:55, 1932. 
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with hyperthyroidism, concluded that “it is indicated that hyperthy- 
roidism per sc docs not produce so-called thyroid heart disease but 
causes functional dcranj^cmcnt in a carrliovascular system already dam- 
aged bv other pathological conditions.” From these citations in the 
literature, it may be seen that the trend of thought of the investigators 
is first to ciuestion the possibility of segregating specific lesions of the 
heart in hyperthyroidi.sm in clinical or experimental studies and secondly 
to point out that if such disturbances do occur they are probably non- 
specific, resulting from altered conditions in the circulatory system m 
particular and the body in general. 

As stated previously, our own studies lead us to believe that specific 
lesions can be produced in the hearts of rabbits fed desiccated thyroid 
within the limits of anticipated individual variations in animals. With 
regard to the specificity of such lesions, wc can only jioint to the results 
of our studies in which wc attempted to unleash the heart by inter- 
ference with its stabilizing mechanism. In the rabbits of this series 
(group 1), it must be remembered, the functional excitation was quite 
well limited to the heart, there being little or no modification of body 
weight. It therefore became necessary for such unbalanced hearts to 
maintain the circulation in othcrwi.se normal rabbits. Under such con- 
ditions of rest in cages and with probable iiulividual, variable, cardiac 
stability and comi)ensation, lesions similar to those occurring in hyper- 
thyroidism appeared in a comparable manner. Although we were not 
able adequately to demonstrate it microscopically, wc strongly suspect 
that in this group of animals the altered functional strain, the dis- 
appearance of glycogen or other nutritional disturbance were 
responsible for the thyroid heartlike lesions in the rabbits with surgically 
augmented heart rales. 

COXCLUSIOXS 

Comparable myocardial lesions consisting of swelling of the muscle 
bundles, loss of cross-striation, fat vacuole, histiocytic invasion and 
fibrosis with fraying of the muscle bundles were produced in vaiying 
degree in 80 per cent of the rabbits in which the deju'cssor nerve 
mechanism to the heart was destroyed by o])cration and in 90 per cent 
of the rabbits with toxicity induced by the administration of desiccated 
thyroid. 

Rabbits operated on to destro}" the depressor nerve mechanism to the 
heart and also given desiccated thyroxine to the point of toxicity 
developed more striking myocardial lesions. 

The administration of doses of ephedrine to raise the pulse pressure 
did not augment the results, but rather lessened them. 

These studies support the view that the myocardial lesions found 
in hyperthyroidism are nonspecific and probably of mechanical and 
nutritional origin. 
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This paper constitutes a report of some experimental work in which 
widespi ead and seveie intimal lesions of the coronarj^ arteries were 
produced in rats by the administration of enormous doses of an agent 
exerts a profound effect on the calcium metabolism. 

JIATERIAL AND METHODS 

Fourteen rats, 28 da 3 's old, of an average weight of 44 Gm., were used in the 
experiment. Seven of these were kept in a separate cage and were given, in addi- 
tion to their regular diet, from 1 to 2 drops per day of activated ergosterol, 
10,000 X- This was given by a dropper by mouth. These rats as well as the 
seven controls were on our stock laboratory diet. Three of the experimental 
animals died in the second week of the experiment and were mutilated by the 
remaining rats so that sections could not be prepared from anything except the 
bones. One rat died at twenty-one daj's, and the remaining three were killed on 
the twenty-second da 3 ^ The experimental animals lost a slight amount of weight 
during the experiment, whereas the controls more than doubled their weight. 

Autopsy was performed on the three rats which survived for twenty-two daj^s 
and the one rat which died on the twenty-first daj^, and tissues were obtained from 
the heart, aorta, lung, liver, kidney, thyroid gland, parathyroid glands and bones. 
These were fixed in formaldehyde and sectioned by the paraffin method. Serial 
sections of the cardiac muscle were cut in each case. They were stained with 
hematoxylin and eosin. 

OBSERVATIONS 

Coronary Vessels . — The branches of the coronary arteries in the 
cardiac muscle showed numerous and severe lesions. They may be inter- 
preted more easily if one is familiar with the lesion produced with one 
sing'le massive dose of activated ergosterol, 10,000 X- This has been 
described in detail (Ham^), and the essential finding in it is the tre- 
mendous calcification of the media. Cellular structure is often not 
apparent in this layer, and only a few endothelial lining cells may be 
seen persisting in the intima. 

The medial lesions in the present work are quite obvious, and the 
dense ring of calcification serves to mark the position of the original 

From the Department of Anatomy, University of Toronto. 

1. Ham, A. W.: Arch. Path. 14:613, 1932. 
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media. This ring of calcification may be advantageously compared to 
that resulting from a single upset of calcium mctaliolism (fig. 4 of 
previous contribution ^). In contrast to the lesion produced by a single 
dose of ergosterol, there may be seen in these e.xperimental animals, 
in the coronary arteries, a marlced proliferation of tissue inside the 
media. This newly formed tissue encroached on the lumen in varying 
decrees. The new lumen which had formed in each vessel was lined 
with very cellular endothelium, which gave the impression of recent 
proliferation. The main bulk of the newly formed tissue was continuous 



Fig. 1. — Photomicrograph of two coronary vessels showing loosely arranged 
intimal proliferation. The media of the original vessel wall shows as a heavily 
calcified ring. Hematoxylin and eosin; X 200. 


with, and la}? directly beneath, the endothelium. In some instances it 
consisted of loosely arranged vacuolated connective tissue which pos- 
sessed an embryonic appearance (figs. 1 and 2). In other instances the 
tissue was young and cellular, but the matrix was more solid. This 
type of lesion may be seen in figures 3, 4 and 5. This newly formed 
connective tissue encroached on the lumen in different degrees (figs. 3, 
4 and 5). In many instances it led to an almost complete obliteration 
of the lumen of the vessel. Some of these vessels in which the lumen 
had been almost completely obliterated gave the appearance usually asso- 
ciated with recanalization. 
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Fig. 3.— Photomicrograph of a coronary vessel showing intimal proliferation 
of a denser type of tissue. The media of the original wall shows as a heavily 
calcified ring. Hematoxylin and eosin; X 400. 
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Fig. 5. — Photomicrographs of coronary vessels showing extensive intimal pro 
liferations. The media of the original vessel walls may be seen as heavily cal 
cified rings. Hematoxylin and eosin ; left, X 300 ; right, X dOO. 
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Cqi dicic Muscle. Ai eas of atropliy of the muscle fibers were found 
in the myocardium, and these were associated with a real or apparent 
increase of connective tissue and some hemorrhage. 

COMMENT 

The most important point to discuss in connection with these lesions 
is their etiology. It is probably misleading to think of them in associa- 
tion with vitamin D because it is improbable that they are produced by 
the direct effect of this substance on arteries. There is a great deal of 
evidence to indicate that the medial lesion is produced by a disturbance 
of mineral metabolism. Vitamin D in special, potent preparations is a 
convenient agent to use in enormous dosages to cause these distur- 
bances of mineral metabolism. This evidence which points to hyper- 
vitaminosis D arteriosclerosis being caused by precipitations of calcium 
from the serum rather than b}'^ preliminary degenerative changes in the 
arterial tissues may be briefly summarized : 

1. The toxicity of vitamin D varies with the amounts of calcium in 
the animals’ diet (Bills and Wirick,^ Harris and Innes ®). 

2. The same general type of calcification (metastatic) may be pro- 
duced by overdosages of parathyroid hormone. 

3. The medial calcifications occur suddenly following a latent period 
after the administration of a single massive dose of vitamin D (Ham ^). 

4. The preceding changes in the arterial walls are by no means suffi- 
cient to account for the tremendous calcification which occurs a few 
hours later (Ham^). 

5. The time of calcification of the vessel wall corresponds with the 
beginning of the fall of the level of serum calcium after the attainment 
of a hypercalcemia when one dose of vitamin D is used (Ham and 
Portuondo ^). 

If the cause of the medial lesion seen after the administration of 
a single massive dose of activated ergosterol is considered to be the 
precipitation of calcium from the blood, it becomes necessary to visualize 
a different sort of sequence of events in this type of arteriosclerosis from 
that which has been postulated to explain the development of the usual 
lesion. In hypervitaminosis D arteriosclerosis the deposition of calcium 
is an early event rather than a late one, and instead of injury being 
followed by degeneration or proliferation, then calcification, the order is 
reversed and calcification is followed by degeneration and proliferation. 

The intimal proliferation could be explained in several different ways. 
It might be suggested that it is in the nature of a hyperplasia, to 
compensate for an injured media. It is conceivable that repair mig 

2. Bills, C. W., and Wirick, A. M.; J. Biol. Chew. 86;117, 1930. 

3. Harris, L. J., and Innes, J. R. M.: Biochem. J. 25:367, 1931. 

4. Ham, A. W., and Portuondo, B. C.: Arch. Path. 16:1, 1933. 
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ensue from the intima when the media is so severely damaged by pre- 
cipitation of calcium. The regeneration of tissue from the intima is, 
however, sufficiently extensive to suggest that it has been stimulated 
to grow by more than one shower of calcium. Whereas the effect of 
the first precipitation seems to be primarily on the media of vessels, 
it is not improbable that after the media has become well calcified sub- 
sequent precipitations would injure the intima to a greater extent than 
before. Granules of calcified material could be seen in the cellular 
masses resulting from the intimal proliferation, particularly in the por- 
tion of these close to the media. 

Whereas it seems probable that precipitations into vessel walls 
occurred on several occasions during the course of the experiment, it is 
possible that the deposit of calcium in the wall of the media could also 
act as an irritant in its immediate ncighoborhood. There is some evi- 
dence to show that calcium may graduall}' disappear from arteries 
(Spies “), and this problem is now being investigated in this laboratory. 
It is possible that the redissolviiig of the primary deposit might be 
accompanied by some local disturbances which would stituulate cell 
growth. 

The significance of this work docs not appear to us to lie in the fact 
that the lesions may be caused by hyjjervitaminosis ID. It would appear 
to us that these intimal lesions, as well as the medial lesions, arc the 
result of nothing more than the inability of the blood to retain, on cer- 
tain occasions, all of its calcium in solution. The possibility of dis- 
turbances of calcium metabolism being a factor in the etiology of human 
arteriosclerosis should be considered more seriously than it is at present. 
The blood normally contains more calcium than can be explained by the 
laws of simple solution. It is possible that there are many ways in which 
small amounts of calcium could be precipitated from the blood.'* 
Whether this mechanism accounts for any lesions in man remains to be 
seen, but the ease with which endarteritis in the coronary vessels may 
be produced by this particular method of disturbing calcium metabo- 
lism suggests that this etiology of arterial disease (precipitation of 
calcium) should at least be kept in mind. 

CONCLUSIONS 

Proliferative changes of a marked character in the intima of the 
coronary arteries of rats occurred following the daily administration of 
enormous dosages of activated ergosterol, which profoundly affects the 
calcium metabolism. It is our opinion that whereas the first effect of 
the precipitation of calcium from the serum is the calcification of the 
media, further precipitations or the later effects of the first precipitation 
result in intimal proliferation. 

5. Spies, T. D.: Arch. Int. Med. 50:443, 1932. 

6. Ham.i Ham and Portuondo.^ 
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Early writers suspected in a general way that long-continued 
obstruction to the common bile duct might result in increased fibrosis 
within the liver, although comparatively little attention was paid to this 
condition in human beings. Albers ^ described the liver in such instances 
as granular, rough and yellowish brown, with atrophy and induration 
of the parench3''ma, and the probable pathogenesis of these changes was 
discussed by Virchow." Forster,^ Cohn ^ and Legg^ distinguished, as a 
special type, the cirrhosis arising in connection with biliary obstruction. 
Charcot and Gombault ° described similar hepatic lesions resulting from 
calculi in the ampulla of ^^ater and in the gallbladder, cancer of the 
head of the pancreas and angiocholitis of the larger bile ducts. Mangels- 
dorff,® Ruppert," Janowski,® Sauerherring ® and Ford individually 
emphasized particularly the changes in the bile ducts, the proliferation 
of the connective tissue or the occurrence of multiple necroses in the 

From the Pathological Laboratories of the Jefferson Medical College and 
Hospital, the Jefferson Hospital Tumor Clinic and the Philadelphia General 
Hospital. 
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liver affected by stasis. Eppinger“ reported a case which may be 
regarded as classic and in which the common bile duct was inadvertently 
severed during an operation and immediately ligated 2 cm. distal to the 
junction of the hepatic and cystic ducts. Icterus and bilirubinemia 
appeared within thirty-six hours, and death from aspiration pneumonia 
occurred at the end of forty-eight hours. At autopsy, the question of 
infection of the biliary tract and of circulatory disturbances was ruled 
out; microscopically, there were pigmentary and regressive changes, 
especially in the central cells of the lobules, and dilatation and elongation 
of the bile capillaries, with rupture of their distal ends into the peri- 
vascular lymph spaces. Studies of biliary stasis in man have been 
contributed by Weber,^= Abramow and Samoilowicz,’® Carnot and 
Harvier,^'* Ogata,‘° Zypkin and Rabl.^" 

lieineke^® was one of the first to distinguish two distinct types of 
obstructive biliaiy cirrhosis in man, the one complicated by infection 
and the other uncomplicated. More recently Fiessingcr, Albot and 
Dieryck^” referred to the hepatic lesiotis resulting from pure mechan- 
ical stasis as cholestatic cirrhosis in coiitrast to the infectious type or 
cholangeitic cirrhosis. MaciNIahon and IMallory described the charac- 
teristics of noninfcctious obstructive cirrhosis; their findings, however, 
are open to the possible criticism that infectioii may have been a com- 
plicating factor in the cases in which there were calculi and acquired 
strictures of the common duct and perhaps also in some of those in 
which carcinoma of the ampulla of Vater was present. 

In animals, aseptic ligation of the common bile duct is a simple 
procedure, as a result of which there is a vast literature on the subject, 
but one of the few diseases in man which appropriately reduplicates this 
experimental lesion and adequately fulfils the requirements of the condi- 
tion of uncomplicated biliary stasis is obstruction to the common bile 
duct by carcinoma of the head of the pancreas. This condition is com- 
paratively uncommon, and before death there is usually only a relatively 
short period of stasis, the effects of Avhich are further mitigated to a 

• 11. Eppinger, H.: Beitr. z. path. Anat. u. z. allg. Path. 31:230, 1902. 

12. Weber, F. P.; Tr. Path. Soc. London 54:103, 1903. 

13. Abramow, S., and Samoilowicz, A.: Virchows Arch. f. path. Anat. 176 : 
199, 1904. 

'~14. Carnot, P., and Harvier, P. : Arch, de med. exper. et d’anat. path 19 *76 
1907. 

15. Ogata, T. : Beitr. z. path. Anat. u. z. allg. Path. 55:236, 1913. 

16. Zypkin, S. M.: Virchows Arch. f. path. Anat. 262:791, 1926. 
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variable extent by the functional activity of the gallbladder, which is 
usually normal. Judd, Counsellor and Mclndoe have emphasized the 
development of hydrohepatosis in association with obstruction to the 
common bile duct by pancreatic carcinoma, in which condition they felt 
that, owing, among other things, to the absence of infection, there is a 
minimum of obstructive biliary cirrhosis. Rolleston has maintained 
that in man cirrhosis does not result from uncomplicated biliary obstruc- 
tion per se. The paucity of knowledge of the hepatic lesions produced 
in the cpndition of uncomplicated biliary stasis was recently emphasized 
by Rossle,-=’ who pertinently stated : “Besieht man kritisch die Literatur, 
so schwindet die ungeheure Masse der angeblich hierher gehorigen Beob- 
achtungen auf ein Haufchen zusanimen.” (If one reviews the litera- 
ture critically, the enormous mass of observations that apparently belong 
in this group shrinks to minute proportions.) 

The purpose of the present communication is to describe the changes 
in the hepatic and bile ducts resulting from obstruction to the common 
bile duct by carcinoma of the head of the pancreas, and to submit 
evidence showing that cirrhosis may result from uncomplicated or non- 
infectious biliary stasis. The material for this study was obtained from 
twenty-four cases of primar}' carcinoma of the head of the pancreas with 
obstruction to the common bile duct. Seven of these cases are from 
the pathologic laboratory of the Pennsjdvania Hospital; Dr. John T. 
Bauer placed this material at our disposal. None of the cases was 
complicated by previous cholec3'Stitis or cholelithiasis, terminal abscesses 
or operative decompression of the biliary system, and in all of them 
comprehensive records and suitable gross or histologic material or both 
were available for use. Histologic material was fixed in formaldehyde 
or Zenker’s fluid ; some of it was frozen and sectioned, and the remainder 
was blocked in paraffin, cut and stained with phosphotungstic acid, 
hematoxylin-eosin, scarlet red, methylthionine chloride, U. S. P. (methy- 
lene blue), van Gieson’s and Mallory’s connective tissue stains, 
Verhoeff’s elastic tissue stain, oxidase stain, iron-alum-hematoxylin 
stain, Wilder’s modification of the silver diaminohydroxide stain, Mai- . 
lory’s potassium ferrocyanide stain and Mclndoe’s adaptation of the 
Horte^a silver carbonate stain for bile canaliculi. In many instances 
complete sets of serial sections were also examined. 

, 21. (fl) Judd, E. S., and Counseller, V. S. : J. A. M. A. 89:1751, 1927. -ih) 
Mudd, E. S., and Mclndoe, A. H. : Collected Papers of the Mayo Chnic and 
Mayo Foundation, Philadelphia, W. B. Saunders Company, 1929, vol. 21, p. 15»- 
(c) Counseller. V. S. : Ann. Surg. 87:210, 1928. , 

22. Rolleston, H. : Diseases of the Gallbladder and Bile-Ducts, in Christian, 
H. A., and Mackenzie, fames : Oxford Medicine, New York, Oxford Universi y 

Press, 1932, vol. 3, pp. 390 and 469. . 

23. Rdssle, R., cited by de fosselin de Jong, R. : Compt. rend, de conf. interna . 

de path, geogr., 1931, p. 38. 
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Metastatic nodules were present in the liver in many of the cases 
included in this study. The changes in the hepatic tissue adjacent to 
metastases are well known, and since they have no bearing on the 
changes under consideration, they will not be discussed further. 

GROSS CHANGES 

The common bile duct averaged 3 cm. in diameter, the dilatation 
usually being uniform, although sacculations occasionally occurred ; the 
right hepatic duct was less distended than the left, and the intrahepatic 
ducts suffered least. The walls of the larger biliary passages first 
become attenuated and subsequently undergo slight thickening. In the 
early stages the contents of the bile passages are not much altered but 
later they become thick and tenacious and contain precipitated granules 
of inspissated pigment. In two cases, the contents of the gallbladder 
and ducts consisted of thin, pale, yellowish-green fluid. The liver showed 
a mixture of yellow, olive-drab and deep green mottling, and was 
usually enlarged and frequently smooth, although in four cases it was 
smaller than normal and in nine cases the surface was either finely or 
coarsely granular. Weights of from 1,800 to 2,000 Gm. were recorded 
in cases in which metastatic nodules were few or absent. In two cases 
the liver weighed 810 Gm. and 840 Gm., respectivel 3 \ Varicose ducts 
may appear on the surface, and the organ may feel cystic. In the cases 
lasting a long time, the liver was firm, tough and heavy, cut with 
increased resistance and on section disclosed enormously dilated biliary 
passages and visible small islands of connective tissue which in a few 
instances was a well marked feature. The intrahepatic bile passages 
were usually filled with deep green or greenish-black, thick, viscid bile, 
which in two cases was pale yellow. The lobular markings were accen- 
tuated by contrast with the darkly colored centers and light peripheries. 

MICROSCOPIC EXAMINATION 

Bile pigmentation is a variable feature although its intensity is 
always greatest about the central vein and branches of the hepatic 
vein. Within hepatic cell cytoplasm bile pigment occurs in three forms : 

(1) as a diffuse yellowish-green staining substance without precipitation, 

(2) as fine, golden brown granules and (3) as variously sized, yellow- 
ish-green or greenish-black droplets. It may be scattered diffusely 
throughout the cell, or may be clumped as small foci at one or both poles 
of the nucleus, which it may completely encircle or occasionally overlie 
and obscure. Rarely, the nucleus itself seems to have taken up some of 
the pigment. In the intracellular, cytoplasmic vacuoles, the outer cir- 
cumference may show a concentration of the pigment, which may also 
be contained as fine granules within the vacuole itself. Occasionally a 
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narrow zone of the hepatic cell cytoplasn7 bordering the canaliculus is 
deeply pigmented. Bile thrombi or bile cylinders are constantly present, 
and may be rod-shaped or C3dindric, occasionally branched and some- 
times markedly irregular owing to their projection into collateral canali- 
culi. In the necrotic areas bile thrombi are discharged from the canaliculi 
into the tissue spaces and in the later stages into the sinusoids ; in both 
situations they may be found lying free or phagocytosed in part or in 
whole. Bile masses also form casts in a number of the smaller inter- 
lobular ducts which on rupture permit extrusion of their contents into 
the adjacent stroma or into a dilated lymphatic. Monocytes laden with 
bile pigment are found within the lobule, in the stroma of Glisson’s 
capsule and wherever else a reactive or reparati^'^e process is in progress. 
In the peripheral and central portions of the lobules of certain of the 
livers iron pigment was present in the hepatic and Kupffer cells, and 
what appeared to be lipochromes were present in the hepatic cells. 

About the central vein and branches of the hepatic vein, the hepatic 
cells show regressive changes which vary in intensity from simple paren- 
ch 3 unatous degeneration to actual necrosis and ultimate dissolution. 
Approaching the periphery of the lobule, the cells retain more of their 
normal appearance and regular cordlike arrangement, although less 
marked sporadic regressi^^e changes may be present. Occasionally a 
narrow band showdng pigmentation and regressive changes ma 3 " radiate 
from the central vein to the portal radicle, where it is not uncommonly 
joined by a similar band from an adjacent lobule. Atrophy of the hepatic 
cells is noted in association with dilated sinusoids and is present espe- 
cially at the peripheiy of the lobules, where irregularly distributed intra- 
cellular cytoplasmic vacuoles ma 3 '- be found. 

Uniform distention of bile capillaries is a constant early feature, and, 
with subsequent disintegration of the pol 3 ^gonal cells, on the integrity 
of which the continuity of the canalicular system depends, rupture takes 
place. The dilating collateral canaliculi not infrequently extend to the 
perivascular tissue space, exerting pressure against and indenting the 
reticular wall, which finally gives way at this point with resulting 
extrusion of the canalicular contents into the sinusoid. Pictures suggesP 
ing the existence of intracellular canaliculi are not observed. There is 
no blood present within canalicular lumens. 

The arteries and arterioles show an increase in the medial muscula- 
ture and less frequently subintimal proliferation which may result m 
partial or complete obliteration of the lumens. The branches of the 
portal vein are regularly dilated, and their walls are thickened by a 
perivascular fibrosis ; their lumens are occasionally occluded by mottled 
or by tumor thrombi. The lymphatic vessels in Glisson s capsule are 
dilated and at times contain bile pigment. The central vein is usually 
dilated, and its wall is variably thickened by hyalinized connective tissue. 
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Branches of the hepatic vein are dilated and congested and may contain 
a few lymphocytes and single or multinucleated macrophages laden with 
bile pigment ; their walls are considerably thickened by hyalinized con- 
nective tissue. Sinusoidal hyperemia is encountered regularly about 
necrotic areas, occurs indiflercntly in areas of atrophy of the hepatic 
cells and is a variable feature, depending in many instances on extrane- 
ous factors. In cases of long duration there is an appreciable increase 
of reticulum in the walls of the sinusoids, the lumens of which may 
contain swollen, pigmented or nonpigmented Kupftcr cells and mono- 
cytes, an occasional lymphocyte and polymorphonuclear leukocyte, iron 
pigment and free bile pigment in the form of droplets, coarse granules 
and bile masses. Rupture of the sinusoidal Avails, permitting a direct 
communication Avith tissue spaces and Avith bile canaliculi, is a late 
feature. 

In areas Avhere bile pigmentation is marked or regressive changes are 
in progress, the Kupffer cells are prominent and contain bile pigment, 
nuclear fragments and other debris. In necrotic areas these cells also 
shoAv regressive changes but remain remarkably Avell preserved long 
after complete dissolution of the polygonal cells has occurred. When 
disintegration sets in, the nucleus disa])pcars before the cytoplasm 
breaks up. 

Monocytes are constantly found in the interlobular connective tissue, 
surrounding and inA’ading areas of necrosis, Avithin sinusoids and other 
blood A’^essels and occupying the perivascular tissue spaces. Together 
Avith the Kupffer cells, from AA'hich they are at times difficult to dis- 
tinguish, they manifest marked phagocytic properties and occasionally 
form multinucleated giant cells. 

Aside fi’om the regressir^e changes occurring about the central veins, 
there Avere tAvo other distinctiA^e types of necrosis ; 

1. In sixteen of the cases, small, isolated, rectangular or oval, sharply 
demarcated, focal necrotic areas, consisting at first of from 8 to 10 
polygonal cells, Avere found in the midzones of many of the lobules. The 
regressive changes in these areas AA’^ere characterized by: (e) fading and 
shrinking of the nuclei and fading of the c 3 doplasm of the hepatic cells 
Avith accentuation of the peripheral cellular outline due partly to SAvelling 
and concentration of the reticulum, (h) a relatively greater resistance 
of the Kupffer cells tOAvard retrogressiA'e changes, (c) a moderate infil- 
tration of monocytes and (d) a sharpty defined peripheral limit, Avith 
normal cells on the outside and necrotic cells within. The amount of 
pigment contained in these areas Avas not greater than that present in 
the adjacent unaffected cells, and gradually diffused out to the periphery 
where it was engulfed by inAvandering phagocytic cells. This lesion may 
enlarge by projecting its apex to and sometimes beyond the central vein. 
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and more frequently by extending its broad base into the outer third of 
the lobule, reaching at times to the portal radicle, where it may be met 
by a similar lesion (hg. 1). The area was usually bloodless but was not 
infrequently surrounded by a hyperemic and hemorrhagic zone, into 
which the necrosis might extend secondarily. A mantle of monocytes 
and lymphocytes was noted about those recently formed. Within the 
lesion the normal hepatic architecture was in most instances maintained, 



Fig. 1. — An enlarged focal miclzoiial area of necrosis with its apeK at the central 
vein on the left and its base at the portal radicle on the right. Note also the inde- 
pendent hepatic cell pigmentation about the central vein; X 69. 


but finally, with complete dissolution of tlie cells, nothing remained but 
a loose meshwork of condensed, thickened, hyalinized, reticular fibeis 
with little or no attempt at organization. 

2. In five cases large, oval or triangular, sharply demarcated biliary 
necroses were present. These occupied, as a rule, the outer portions o 
the lobules, although some were centered in the portal radicles to whic 
they were entirely confined or from which they extended to in^ohe 
the peripheries of adjacent lobules. When first formed, the center o 
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this lesion is composed of a dense, compact, sharply circnmscribed. dark 
Steen mass of bile pigment, occasionally containing a lev.- scattered 
duaal epithelial cells. This mass, occupying an intralobular situation, 
becomes surrounded by a narrov.* concentric zone of degenerated and 
necrotic hepatic cells which maintain for some time tlteir nonnal cord- 
like arrangement, separated by congested smusoids lined by relative!} 
unchang^ed Kuotter cells < fig. 2 k Beyond this zone the sinusoids are 



Fig. 1. — Ir.tralfjLular biliarj- recrosh is present in tne center, v.ith a portal 
radicle belotv and to the rignu Note the disintegration of the central masses of 
brie pigment, v.hich are separated by coarse reticular fibers impregr.ated with bile 
pigment. The stirronr.ding rccrotic zone, which is sharply demarcated from the 
cermai hepatic tissue, contains swollen Kupner cells and infiltrated polyblasts: 


markedly congested and filled with normal or conglutinated er\lhroc}les. 
As the lesion progresses the necrotic zone becomes paler and wider, and 
a fine hepatic cell crtoplasmic vaaiolation appears, followed by karrmr- 
rhexis and other nuclear changes. The peripheral portion of the central 
mass of pigment gradually diffuses into the necrotic zones. Coincident 
wfith this monoevnes wander in and form irregularly distorted, multi- 
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nucleated giant cells, and the pigment is found in smaller homogeneous 
and coarsely granular, discrete aggregations. A little later, in the center 
of the biliary necrosis a swollen, reticular, beaded framework, impreg- 
nated diffusely or with coarse granules of bile pigment, becomes 
apparent, and in the interstices of their fibers many swollen monocytes 
may be noted. Ultimately, the central mass completely disappears, 
leaving only a coarse golden yellow reticulum. The lesion becomes more 



Fig. 3. — Organizing biliary necrosis contributing to perilobular fibrosis. The 
necrosis is confined to the portal radicle, and shows little diffusion of the central 
mass of bile pigment; X 103. 


or less completely surrounded by large swollen monocytes and lympho- 
cytes accompanied by a few fibroblasts, which may proliferate rather 
rapidly to form a complete, sharply delimiting wall. Finally the entire 
outer zone is replaced by more or less dense hyalinized connective tissue 
which, following its usual course of slow contraction, encroaches on 
the central contents, rendering them more compact. The biliary necroses 
occurring within the portal areas show little diffusion of the centra 
masses of bile pigment and only slight retrogressive changes in the sur 
rounding connective tissue, which quickly forms a dense capsule about 
the lesions, which may persist in this form indefinitely (fig. 3). 
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The biie ducts become elongated, stretched and tortuous, and in 
addition show a numerical increase, as evidenced by budding and brar.ch- 
inc and bv proliferation of the lining epithelial cells with the formation 
of syncntial masses (fig. 4). Regressive changes, consisting of pig- 
mentation. degeneration, atrophy, necrosis and desguamation of indi- 
vidual or isolated groups of cells and rarely of denudation en masse 
of the lining of the duct leaving a bare basement membrane, are incon- 



Fig. 4. — Extenjive proliferation of the bile ducts and connective tissue ; X 60. 


spicuous features. The lumens may be empty or filled with bile thrombi, 
or with a pale, homogeneous, pink-stainitig material. The walls of the 
larger ducts are thickened, their lumens are dilated, and the epithelial 
lining cells usually appear fairly normal. 

The portal areas, appearing frequently as large oval structures, show 
an increase in connective tissue which, in the early stages, closely 
parallels the changes in the bile ducts but which subsequently develops 
independently, insinuating itself for varvdng distances beriveen adjacent 
lobules, where it Joins prolongations from contiguous portal areas. 
These branching processes invade the outer and. at times, the middle 
third of the lobule. The individual or small groups of hepatic cells thus 
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enmeshed gradually atrophy and finally tend to undergo complete disin- 
tegration. As a result, the lobule becomes irregular in outline and reduced 
in size. With total stasis existing for more than two months, prolifera- 
tion of the connective tissue becomes a striking feature, forming regu- 
larly an incomplete, and at times a complete, perilobular collar of fibrosis 
(figs. 3 and 4). Well developed bands of fibrous tissue surrounding the 
majority of the lobules were present in only one of our cases. In several 
others the process stopped just short of this. The subcapsular prolifera- 
tion of connective tissue was marked in the majority of the cases. The 
organization of the biliary necroses contributed in certain instances to 
the perilobular increase of connective tissue (fig. 3). Monocytes, lym- 
phocytes and an occasional granuloc^'te, as well as* masses and granules 
of bile pigment, free and in phagocytic cells, were present within the 
newly formed connective tissue, which consisted essentially of young 
fibroblasts with an abundance of coarse, edematous, fibrillar material, 
directly continuous with the increased reticulum of the periphery of the 
lobule. 

COMMENT 


Legg,'* Weber and later McMaster, Broun and Rous-'‘ empha- 
sized the analogy between hydronephrosis and biliary stasis (hydrohepa- 
tosis). In both, as in conditions of obstruction to the ducts of secreting 
glands in general, secretory stasis, dilatation of ducts, vascular distur- 
bances from collateral pressure and parenchymal atrophy occur. In the 
case of the liver, however, the activities of the gallbladder partially allevi- 
ate the effects of stasis. After total obstruction, the hepatic cells continue 
to excrete until the pressure in the conducting system rises to a certain 
point (350 mm. of bile in the dog), when the product of their activity 
is returned to the organism. Pyroxjdin (celloidin) casts of the biliary 
and vascular channels in the condition of obstruction of the common 
duct by carcinoma of the head of the pancreas demonstrate a tremendous 
volumetric increase of these channels (Judd, Counseller and Mclndoe)." 
Judd, Counseller and Mclndoe believed that the intimate relationship 
between the biliary and vascular passages creates an ideal situation for 
the production of venous strangulation with consequent diversion of the 
portal blood current and anemia of the hepatic tissue. The parietal 
sacculi or diverticuli are effaced, with the result that the walls become 
smooth. The vasa aberrantia either are flattened out along the walls of 
the ducts or become enlarged, sacculated and indistinguishable fiom 
bile ducts. 

In two of our cases, the ductal contents were thin and pale yellow, 
but “white bile” was not encountered, probably because the obstriicte 

24. McMaster, P. D.; Broun, G. O., and Rous, P. : J. Exper. Med. 37:685, 
1923. 
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biliary passages were not the seat of previous disease. In cases of 
long-standing obstruction, the wall of the gallbladder hypertrophies and 
undergoes some fibrous thickening, which is probably due, as in the walls 
of the ducts, to the continuous absorption of bile through the lymphatics. 
This would tend ultimately to abolish the functions of the gallbladder 
and predispose to the formation of white bile. 

To account for the deeper pigmentation of the center of the hepatic 
lobule, Legg •* reasoned that the cells nearest the bile duels could more 
easily discharge their contents. Burker.-' however, believed that the 
hepatic lobule consists of a central secreting and a peripheral absorbing 
portion. As for the bile thrombi, Wyss and Legg regarded them 
merely as casts of the bile capillaries, but subsequent investigators con- 
sidered them as an expression of toxic damage to hepatic cells and 
to be composed of coagulated, inspissated, bile-stained protein (Eppin- 
ger,"* Ogata and Lepehne*") or a mixture of lipoid and protein 
(Rous“®). Kretz believed that the bile thrombi result from destruc- 
tion of er3'throcytes by the action of bile acids with subsequent iron 
pigmentation of the hepatic cells. Aschoff emphasized Kodama’s 
finding that in obstructive icterus iron liberated from broken-down 
hemoglobin is retained in the Kupffer cells and appears only in very 
small quantities in the polygonal cells of the liver. The occurrence of 
iron pigment in our cases seems to be of no particular significance either 
as a criterion or as a contributing factor in the production of the hepatic 
lesions. Hepatic lipochromes, which Connor demonstrated micro- 
scopically and by chemical anal3'sis, have been regarded b3^ Ogata as 
autochthonously associated with the lipoids present in the liver, which, 
however, contains no neutral fat. 

The vacuoles which occur indiscriminately within the hepatic cells 
have been considered as mucinous (Chambard or fat droplets 
(Canalis,^^ Lehousse and Gerhardt or as representing a stage 

25. Barker, K.; Arch. f. d. ges. Physiol. 83:241, 1901. 

26. Wyss, 0.: Virchows Arch. f. path. Anat. 35:533, 1866. 

. 27. Lepehne, G.: Ergebn. d. inn. Med. u. Kinderh. 20:221, 1921. 

‘28. Rous, P.: Am. J. U. Sc. 170:625, 1925. 

29. Kretz, R., in von Krehl, L., and Marchand, F. : Handbuch der allgemeinen 
Pathologie, Leipzig, S. Hirzel, 1913, vol. 2, p. 462. 

• 30. Aschoff, L.: Klin. Wchnschr. 11:1620, 1932. 

31. Kodama, M. : Beitr. z, path. Anat. u. z. allg. Path. 73:187, 1925. 

. 32. Connor, C. L.: Am. J. Path. 4:235 and 293, 1928 

• 33. Chambard, E. : Arch, de physiol, norm, et path. 4:718, 1877. 

34. Canalis, P. : Internat. Monatschr. f. Anat. u. Ph 3 ’^siol. 3:216, 1886. 

35. Lehousse, E.: Arch, de biol. 7:187, 1887. 

36. Gerhardt, D.; Arch. f. exper. Path. u. Pharmakol. 30:1, 1892; Verhandl. 
d. Cong. f. innere Med. 15:460, 1897; Miinclien. med. Wchnschr. 52:889, 1905. 
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of necrosis resulting from circulatory disturbances (Tischner ®‘). We 
agree with Ogata that they are not due to infiltration of fat or glycogen 
and probably represent a phase of hydropic degeneration. 

In his case Eppinger noted dilatation of the bile capillaries and 
elongation of their distal ends with rupture into the lymph spaces. This 
finding is most unusual, for in our cases in which obstructive jaundice 
was present from seventy-two hours onward we were unable to observe 
ruptures except in those lasting a longer period. A number of inves- 
tigators (Harley Frey,®'* Jagic,^® Abramow,^^ Abramow and Samoilo- 
wicz,^® Tischner and Naunyn ■*-) advanced the view that rupture of 
bile capillaries occurs directly into the blood stream. Liebermeister 
felt that with increasing pressure in the canaliculi the bile may diffuse, 
without rupture, direct!)' into the lymph or blood stream, or, as stated 
by Minkowski,'** bile pigments may theoretically easily pass by the 
process of parapedesis from the damaged hepatic cell directly into the 
blood stream or perilymphatic space instead of into the lumen of the 
canaliculi. Sterling ■*= could not find ruptured canaliculi until com- 
paratively late in the condition, and Ogata was unable to demonstrate 
any time relationship between the appearance of icterus and visible 
canalicular ruptui'es. Studying the livers of dogs with obstruction to 
the common bile duct, Barron and Bumstead suggested that bile 
merely diffuses from the canaliculi into the perivascular tissue spaces, 
since only dilatation of the canaliculi with formation of bile thrombi 
could be demonstrated within from six to eleven hours (Barron and 
Bumstead,*® Hiyeda*' and Kodama®*), and ruptures were not evident 
within three days (Bloom ■‘®). Rabl and Scheunert concluded that 
in human beings and in dogs obstructive icterus does not depend on 
rupture of the bile capillaries. Haberland and Gamier and Prieur 
maintained that the classic concept of the mechanical origin of biliary 

37. Tischner, R. : Virchows Arch. f. path. Anat. 175:90, 1904 
' 38. Harley, V.: Arch. f. Anat. u. Physiol. 15:291, 1893. 

, 39. Fre\% in discussion on Stadelmann, E. ; Verhandl. d. Congr. f. innere Med. 
11:115, 1892. 

*40. Jagic, N. : Beitr. z. path. Anat. u. z. allg. Path. 33:302, 1903. 

41. Abramow, S.: Virchows Arch. f. path. Anat. 181:201, 1905. 

42. Naunyn, B. : Mitt. a. d. Grenzgeb. d. Med. u. Chir. 31:537, 1919. 

43. Liebermeister: Deutsche med. Wchnschr. 19:365, 1893. 

* 44. Minkowski: Ztschr. f. klin. !Med. 55:34, 1904. 
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retention in lesions of the common duct is incorrect, and that obstructive 
jaundice really represents a type of toxic or infectious jaundice. They 
believed that experimental ligation of the common bile duct brings 
abovit only transitory hyperbilirubinemia, incapable in itself of producing 
jaundice, which, when it develops later, they considered as always due 
to a superimposed toxic or infectious factor. Carrie"’" disagreed with 
this view, and Chabrol, Jylaximin and Busson,"’-' while admitting that a 
secondary toxic factor may influence the production of jaundice in 
obstruction of the common duct, showed that in the beginning, at least, 
icterus is due to tbe mechanical factor of stasis. Following the induc- 
tion of biliaiy obstruction, both the blood sinusoids and the lymph 
capillaries enter intimately into the mechanism of production of hyper- 
bilirubinemia, the former being considered the most important by Whip- 
ple and Hooper.''^ whereas Barron and Bumstead favor the latter. 

It is probable that in obstructive icterus the contents of the biliary 
conducting system arc constantly being depleted by absorption and 
renewed by excretion from the polygonal cells, although not all of the 
bile entering the hepatic cells is necessarily excreted into the canaliculus, 
but may pass instead directly back into the perivascular tissue space, 
the blood stream or both. 

Despite the fact that each of the three forms of necrosis occurring * 
in the liver affected by stasis presents distinct and easily recognizable 
morphologic characteristics, no consistent attempt has been made to 
differentiate between them on the basis of ])athogenesis and etiology. 
Charcot and Gombault suggested that with increasing pressure in the 
canaliculi, rupture with extrusion of bile into tbe parcncliyma results 
in destruction of hepatic cells, a view supported by Harley, Frey,“” 
Eppinger,“ Abramow and Samoilowicz.’"' Carnot and Harvier^‘ and 
Richardson.®-’ Foa and Salvioli,®® Pick®’" and Tsunoda,®® finding no 
canalicular ruptures, considered the responsible factor to be tbe increas- 
ing pressure resulting from bile stasis. Gerhardt,-'"' Riebardson,''""’ 
Ogata,*-’ Rous and Larimore,-'-® Fliyeda,** Rabl ** and Kikuebi,®® although 
recognizing the presence of canalicular ruptures, believed this to be of 
little importance in comparison with the clicmical effects of stagnant 

52. Carrie, P. A.: Bull, med., Paris 45:913, 1931. 
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X 57. Pick, E.: Ztschr. f. Heilk. 11:117, 1890. 

.58. Tsunoda, T.: A^-irchows Arch. f. path. Anat. 193:213, 1908. 

' 59. Rous, P., and Larimore, L. D.: J. Exper. Med. 31:609, 1920; 32:249, 
1920. 

60. Kikuchi, S.; J. Orient. Aled. 16:12, 1932. 
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bile. Geraiidel looked on the lesions as representing a postmortem 
change, an idea refuted by Carnot and Harvier;^'^ likewise, Jagic’s-*® 
view that they arise from progressive inflammation was disproved. 
Vascular disturbances resulting from arterial thickening (Chambard®^) 
or from portal constriction by dilating bile ducts (Tischner,®" Judd and 
Mclndoe,-^** MacMahon, Lawrence and Haddock®-), combined with 
the effects of toxic bile diffused (Janowski ® and Loeffler ®®) or extruded 
from ruptures (Beloussow,®'^ Ruppert ^ and Steinhaus ®®) in the cana- 
licular system, are other factors which have been advanced to explain 
the causation of the necroses the development of which has been thought 
to be further enhanced b}'' lack of nutrition and impaired regenerative 
ability of the remaining hepatic cells (MacMahon and Mallory-®). 

In our preparations focal midzonal necroses appeared at any time 
following obstruction of the common bile duct, being most common 
in the first two months, and having also been found in the sections of 
the liver of a patient dying three days after the appearance of jaundice. 
Vascular changes in the form of h)'pertrophy of the walls of the arteries 
and arterioles, thickening of the walls of the hepatic and central veins 
and sinusoids and tumor thrombosis of branches of the portal vein 
were observed. HoAvever, the sclerotic vascular changes are compara- 
tively late developments in the liver affected by stasis and therefore 
cannot be held to account for the early appearing necroses, which are 
also frequently absent in many areas where portal A^ein and sinusoidal 
tumor thrombosis is a well marked feature. Vascular constriction by 
dilating bile ducts was not a particularly outstanding feature in our 
preparations, which, of course, were not especially designed to demon- 
strate this change. Moreover, the human body possesses remarkably 
finel}'^ adjusted compensatory mechanisms for overcoming resistance to 
the flow of blood (McNee ®®) although the structure and function of 
the circulatory system may vary'- somewhat in other animal groups 
* (Cameron and Mayes®'). The nature and efficiency of the collateral 
circulation in the dog and cat, and especially in man, are of the utmost 
importance. Numerous anastomoses exist, on the one hand, between 
the capillary plexuses of the hepatic arterial branches and those of the 
vessels entering the liver by' way of the common bile duct and portal 
vein, and, on the other hand, between the terminations of the portal vein 

* 61. Geraudel, E. : J. de physiol, et de path. gen. 8:69, 1906. 
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and hepatic artery. Conversely, a collateral circulation limited in its 
development and responding slowly to the stimulus of a deficiency in 
oxvgen affords little help under the conditions of biliary stasis. Sol- 
owieft'®® and, more recently, Rous and Larimore"” pointed out that 
occlusion of branches of the portal vein is merely attended by a pro- 
gressive parenchymal atrophy. 

The livers of rabbits and guinea-pigs excrete relatively large amounts 
of bile at comparatively low pressures, and at the beginning of stasis 
develop necroses which, however, arc said to not ai>pcar in the livers 
of dogs in which animal the amount of bile secreted is small but the 
average pressure is high ; the total quantity of bile produced is perhaps 
of more importance than the pressure at which it is secreted. Some 
investigators have claimed that human bile is innocuous and incapable 
of causing permanent hepatic damage, but if this is true, as 
Rous and Larimore have pointed out. man differs from all 
other well studied animals in which, without exception, aseptic 
bile results in important local changes. The early observation that the 
degree of hepatic pigmentation is not paralleled by the development 
of necrosis is supported Iw the results obtained by Horrall,”'' Greene 
and Snell,'® Horrall and Carlson and Still,’- who demonstrated bili- 
rubin to be an inert substance in contrast to the bile acids, the toxic 
properties of which reside in the cholate radicle. By injecting fresh 
bile into the livers of rabbits and dogs, Hiyeda'*' produced areas of 
necrosis ; Cameron and Oakley,"^ however, were unable to duplicate 
these observations in the rat even after ligation of the common bile 
duct had been performed with the idea of minimizing absorption of bile 
by the smaller ducts. If the focal midzonal areas of necrosis in the 
human being are due to the eff'ects of extravasated bile, the quantity 
must be exceedingly small, for they show no pigmentation in excess 
of that found in adjacent hepatic cells. Furthermore, there are no 
transitional stages between the focal midzonal necroses and the biliary 
necroses which represent a true reaction of the tissue to extravasated 
bile. It is conceivable that coincident with early circulatory changes 
and increased intraductal pressure in the liver there is a lowering of 
oxygen tension resulting in nutritional disturbances of hepatic cells 
and in the production of intermediate metabolic products possibly of 
the nature of toxic amines. Furthermore, since the liver lies directly 
in the pathway of the portal blood carrying products absorbed from the 
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intestinal tract, the necrotic hepatic lesions ma}* represent the effects of 
split protein products resulting from intestinal putrefaction due to the 
absence of bile. 

The biliary necroses probably largely represent, as MacMahon and 
Mallory have emphasized, the cellular reaction to inspissated bile, which, 
as a result of pressure, has escaped in the form of tubular masses from 
attenuated and ruptured ducts, remnants of which can often be recog- 
nized. These bile masses act as foreign bodies and are soon attacked 
by monoc}d;es and foreign body giant cells, while still later fibroblasts 
proliferate about them and traverse their substance, giving them the 
appearance of old, partially organized thrombi. The bile mass undoubt- 
edly contains toxic substances which are responsible for the enveloping 
necrotic zones which are always quite conspicuous when an}'^ part of 
the lobule is involved. Some of these lesions are probably also due 
to rupture of the canals of Hering and of the collecting tubules of 
Letulle, for the fonner are notorious!}'- fragile even in normal prepara- 
tions. This view is supported by the observation that fluid introduced 
under pressure into the common bile duct becomes extruded into the 
hepatic tissue in immediate relationship to the canals of Hering 
(Chrzonsczczewsly,''^ Heidenhain,'® Stem,"® Beloussow ®^ and Pfeif- 
fer"') or more centrally within the lobule (Biirker-®). Cameron and 
Oakley’s '® reconstructions in the rat demonstrate a constant close rela- 
tionship behveen hepatic necroses and the interlobular bile ducts, 
although not a strict localization to the canals of Hering. According 
to Ribadeau-Dumas and Lecene,'^® the distribution of these lesions cor- 
responds to the biliary lobules of Sabourin adjoining the portal canals. 

Necrosis in the inner third of the lobule has been attributed to over- 
loading of the cells with bile (Ogata which is thought to be secreted 
more abundantly in this area (Biirker-®). The degree of pigmentation 
by bilirubin, which is nontoxic, is no indication, however, of the presence 
of toxic components of bile, although deleterious changes may con- 
ceivably ensue on actual physical overloading with this inert substance. 
There is abundant evidence suggesting the presence in the liver affected 
by stasis of a toxic factor in escaped bile which may affect chiefly 
tire inner cells of the lobule, for when both central and peripheral cells 
are subjected to a known irritant under identical conditions, the former 
succumb much more readily and show the most marked degree of 

' 74. Chrzonsczczewskj', N. : Virchows Arch. f. path. Anat. 35:153, 1866. 

75. Heidenhain, R. P. H. ; Handbuch der Physiologic, Leipzig, F. C. W. Vogel, 
1883, vol. 5, p. 223. 

76. Stem, H.: Arch. f. exper. Path. u. Pharmakol. 19:39, 1885. 

77. Pfeiffer, L. : Arch. f. mikr. Anat. 23:22, 1884. 

78. Ribadeau-Dumas and Lecene: Arch. d. med. exper. et d'anat. path. 16:191, 
1904. 
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damage (Simonds and Callaway 'J'his vulnerability of the centrally 
located hepatic cells has been attributed to their greater functional activ- 
ity and higher degree of specialization (Mallory 

There was little or no attempt at regeneration. Multinucleatcd 
hepatic cells were rarely found, and mitotic figures and evidence of 
nuclear fission were not observed. Areas of destruction of the hei)atic 
cells were gradually absorbed but were not replaced by new cells. These 
observations are in keeping with experimental data on the failure of 
restoration of the liver following obstruction of the common bile duct 
(]\Iann, Fishback, Gay and Green '''^). 

Early in obstructive jaundice the ]>rolif oration of bile ducts and 
the increase in connective tissue arc intimately related. As the newly 
formed bile ducts invade the peripheral portions of adjacent lobules 
they carry along a covering of connective tissue which enlarges the 
portal radicle. Steinhaus,*'’’’ Gorhardt.'"'’ Chambard,"' Foa and Salvioli.'” 
Pick,^' Rous and Larimorc and Richardson attributed the 
changes in the bile ducts to the irritation arising from increased 
pressure within them. Charcot and Gombault.’’ Xasse and 
Ogata considered the two processes to be essentially independent 
although brought about by the same cause, namely, the irritation from 
static bile. We agree with Flarley and Barratt.''" Locftler and Pao- 
lini that the changes in the bile ducts and connective tissue are prob- 
ably brought about, at least in part, by a combination of both of these 
factors. As the pressure within the bile ducts increases there are a 
coincident stretching and attenuation of their walls, and bile diftuses 
into the surrounding tissue, where it actively stimulates hyperplasia of 
the connective tissue ( Richardson and Rous"®), which is only slight 
or moderate within the first two months but then proceeds independently 
of the changes in the bile ducts. It is possible that the damaged hepatic 
cells form intennediate metabolic products the action of which also 
stimulates the growth of connective tissue. A number of investigators 
advanced the view that the proliferation of the connective tissue depends 
largely on the organization of necrotic foci (Beloussow.®* Foa and 
Salvioli,'*® Gerhardt,"® Janowski,® van Heukelom.®® Tsunoda,®® Pur- 
pura and Fabris ®‘). In our cases, the focal midzonal necroses showed 

79. Simonds, J. P., and Callaway, J. W.: Am. J. Path. 8:159, 1932. 
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• 84. Paolini, R.: Riforma med. 43:843, 1927. 
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no attempt at organization, although the reactive and healing processes 
about the biliary necroses did contribute to the new formation of con- 
nective tissue at a time, however, when that resulting from other causes 
was already well established. 

SUMMARY 

With obstruction to the common bile duct by carcinoma of the head 
of the pancreas, the biliary conducting system undergoes a tremendous 
volumetric increase, with corresponding stretching and thinning of its 
walls. The process extends uniformly into the branches of the fourth 
and fifth orders, although the dilatation may be more marked in the 
radicles of the 'left hepatic lobe by virtue of the lessened amount of 
parenchyma in that portion of the liver and also possibly because of the 
course and relationship of the left hepatic duct and its corresponding 
artery and vein. The vasa aberrantia and parietal sacculi become 
effaced. The contents of the biliary conducting system in the beginning 
consist of dark, thick, ropy, inspissated bile which later tends to become 
pale and thinner. The canaliculi are distended with bile thrombi, 
many of which remain in situ, although others are extruded into the 
tissue spaces and sinusoids, where they may be phagocytosed by Kupffer 
cells and macrophages. Bile pigment in the form of granules or drop- 
lets and in colloidal suspension may be found in varying amounts, chiefly 
in the cells of the central portions of the lobule. Regressive lesions 
are present as mild and localized degenerative and necrotic changes 
involving the hepatic cells about the central vein, as nonpigmented focal 
midzonal areas of necrosis and as deeply pigmented biliary necroses 
occurring either in the outer portion of the lobule or within the portal 
radicle. The intrahepatic ducts elongate and become tortuous, and they 
show, in addition, a true proliferation. A new formation of connective 
tissue occurs simultaneously with the changes in the bile ducts until after 
the second month, when a rapid, independent and progressive prolifera- 
tion takes place, resulting in a well marked deposit of connective tissue 
which is interlobular, intralobular and, in long-standing cases, even 
perilobular in distribution. The hepatic lobules show a corresponding 
reduction in size without much architectural alteration except at the 
peripheries, where atrophy may become well marked. The walls of 
the branches of the hepatic artery undergo hypertrophy, and those of 
the branches of the hepatic vein and to a less extent of the portal veins 
show a new formation of fibrous tissue. The liver possesses little or 
no regenerative ability in the face of total stasis. 



INFLUENCE OF EXTRACT OF ANTERIOR PITUITARY 
ON AUTOTRANSPLANTED AND HOMEO- 
TRANSPLANTED THYROID 


MARTIN SILBERBERG, M.D. 

BRnSLAU, GERMANY 

Loeb and his collaborators^ showed that extracts of the anterior 
lobe of the pituitary gland stimulate the growth of the thyroid. This 
effect is especially marked in guinea-pigs. These observations were 
confirmed by many other investigators." 

In another series of investigations, Loeb " analysed the reactions of 
the host against autotransplants, syngenesiotransplants, homeotrans- 
plants and heterotransplants. Definite relations were found to exist 
between the intensity of the lymphocytic and connective tissue reactions 
on the part of the host and the genetic relationship of the host and 
the donor. While autotransplantation in general makes possible the 
normal development of the graft, homeotransplantation, as a rule, leads 
to severe injury or complete destruction of the transplant. 

It seemed of interest to investigate the behavior of the various types 
of transplants under the influence of extract of the anterior lobe of the 
pituitary gland of cattle. The thyroid gland represents an especially 
favorable material for such investigations. In particular did I wish 
to answer the following cpiestions : 

1. Under the influence of the extract does the transplant change 
similarly to normal thyroid tissue? 

2. Does this change have any effect on the resistance of the trans- 
plant to the direct and indirect action of homeotoxins? 

I therefore carried out two series of experiments on guinea-pigs ; 
in the first, the effect of this extract on the growth of autotransplants 
was studied, and in the second, its eff'ect on the reactions of the host 
against homeotransplants of thyroid tissue and on the preservation of 

1. Loeb, L. ; Klin. Wchnschr. 11:2121, 1932. Loeb, L., and Bassett, R. B. : 
Proc. Soc. Exper. Biol. & Med. 26:860, 1929; 27:490, 1930. Loeb, L.; Bassett, 
R. B., and Friedman, H. : ibid. 28:209, 1930. 

2. Oehme, C.; Poal, H., and Kleine, H. O.: Klin. Wchnschr. 11:1449, 1932. 
Schittenhelm, A.-. Deutsche med. Wchnschr. 58:803, 1932. Silberberg, Martin: 
Krankheitsforschung 8:171, 1930; Proc. Soc. Exper. Biol. & Med. 26:166, 1929; 
Virchows Arch. f. path. Anat. 289:201, 1933. 

3. Loeb, L.: Am J. Path. 2:99 and 315, 1926; 3:251, 1927; J. Cancer 
Research 10:252, 1926; Am. Naturalist 54:45, 1920; J. Gen. Physiol. 8:417, 1926; 
Endocrinology 13:49, 1929; Physiol. Rev. 10:547, 1930; Biol. Bull. 40:143, 1921. 
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the latter. Altogether, seventy-four animals were used in these experi- 
ments. I shall describe only certain representative experiments among 
a larger number which I have carried out. 

I used acid extract of the anterior lobe of the pituitary gland pre- 
pared in a similar way to that used in m)'^ previous investigations, except 
that a small piece of camphor was added to the extract as a preserva- 
tive. One and one-half cubic centimeters of this extract was injected 
daily into guinea-pigs intraperitoneally. Young guinea-pigs weighing 
on the average from 150 to 200 Gm. were used, and the changes in 
weight of the animals were determined each day before feeding. The 
experiments were carried out mainly during the autumn and winter. 
As a rule, one lobe of the thyroid gland was transplanted into a sub- 
cutaneous pocket in the abdominal wall of the host animal, with aseptic 
precautions, under narcosis with ether. 

At the conclusion of the experiment, the transplant was taken out 
together with the surrounding host tissue and fixed in a trinitrophenol- 
formaldehyde solution.^ This material was embedded in paraffin and 
cut in serial sections, which were stained with hematoxylin and eosin. 

OBSERVATIONS 

I. Effect of the Extract on the Normal Thyroid (six experiments). — As 
described by various investigators, daily injections of from 1 to 3 cc. of this extract 
produced an enormous increase in the size and number of cells of the acinar epi- 
thelium, the proliferation taking place by means of mitoses. The first changes 
were found after one injection. The strongest effect, however, was seen on an 
average after from six to ten injections: The formation of large papillary excre- 
scences protruding into the lumen of the acini, migration of phagocytes into the 
colloid, softening, liquefaction and perfect absorption of the colloid were observed. 
Under these conditions, the thyroid assumed the appearance of that characteristic 
of exophthalmic goiter. 

II. Effect of the Extract on the Antotransplanted Thyroid. — 1. Controls (eight 
experiments) : After autotransplantation of the normal gland, the peripheral part 
of the thyroid remained alive, while the insufficiently nourished central portion 
became necrotic and was replaced bj'- dense connective tissue. In the living part 
as well as in the adjoining portion of the central necrotic zone, there was a new 
formation of blood vessels. Fibroblasts and histiocytes grew into the central 
necrotic mass and absorbed it. Within about three weeks, regeneration of the 
acini was taking place from the peripheral zone, and the transplant more and 
more assumed the appearance of the normal thyroid. The colloid was hard. In 
some cases a loose, well vascularized connective tissue was found in the center of 
the transplant instead of acini. The surrounding tissue likewise consisted of a 
more or less loose connective tissue, which was well vascularized. 

4. This solution is composed of: solution of formaldehyde, U. S. P., 500 cc.; 
distilled water, 1,500 cc. ; glacial acetic acid, 100 cc. ; trinitrophenol to saturation 
point. 
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2. Autotratisplanted Thyroid: Group 1— In this group autotransplantation of 
the thyroid gland was followed l)y a scries of injections of the extract with and 
without intervening periods of rest. In other experiments, tlie series of injections 
was either preceded or followed by a period of rest, during which no injections 
were given. 

(a) Autotransplantation, followed by six injections of extract, one being given 
daily (two experiments). The transplanted thyroid showed hypertrophy and 
hyperplasia. The effect of the extract was evident in a larger number of mitoses, 
the increased size of the acinar epithelium, the presence of some phagocytes in the 
acini and a softening and liquefaction of the colloid. A considerable increase in 
the number of acinar cells had taken place. It was interesting that in comparison 
with the controls, the central portion of the transplant seemed to be belter pre- 
served, indicating a greater resistance of this tissue. 

(b) Autotransplantation, followed by six injections of extract and a subsequent 
period of rest. In the transplants which, were removed six days after the last 
injection (two experiments), the effect of the extract on the transplant as well 
as a good regenerative growth were still observed. But the acinar epithelium bad 
become lower and the number of the mitotic figures was diminished ; the thyroid 
transplant was on the way to resuming the structure of the normal, resting gland. 

After twelve days of rest (two experiments), signs were still present of the 
preceding period of hj-pertrophy in the transplanted tissue, which had healed in 
well ; the regenerative growth had been ver}' good. The acini were increased in 
number; they were still enlarged and contained again hard, newly formed colloid. 
The peripheri" was surrounded by loose connective tissue; a central fibrous knob 
was not visible. 

(c) Autotransplantation, followed by a period of rest lasting five days, then by 
six subsequent injections of extract (four experiments). The transplant was very 
well preserved. The formerly necrotic central zone had been replaced by dense 
fibrous tissue. In the peripheral area regeneration was noticeable in addition to 
the typical hypertrophy caused by the extract. 

2. Transplantation, followed by a period of rest lasting fifteen day's, then by' 
ten subsequent injections, one being given daily' (two experiments). In this case 
in which the injections were given after a longer period of rest following trans- 
plantation, at a time therefore when the transplant had regained the structure of 
the normal thyroid, the effects of the extract were the same as in the normal thy- 
roid. The graft showed a hypertrophic acinar epithelium, increase in mitotic pro- 
liferation and liquefaction or complete absorption of the colloid. 

3. Transplantation, followed by' a period of rest lasting eighteen day's, then by 
a series of six injections (two experiments). Under the conditions of this experi- 
ment the hy'pertrophy was more marked than under those of the preceding experi- 
ment. Figure 1 shows the typical structure. The thyroid was well healed in 
and was surrounded by a small amount of connective tissue and large blood ves- 
sels. In the transplant itself marked hy'pertrophy' was observed. The cells of 
the acinar epithelium were large and high; there was an increased number of 
mitoses, and the colloid had become soft and had mostly been absorbed ; owing to 
the increase in the number of acini, the interacinar connective tissue had almost 
completely' disappeared. 

Summary of series c : The influence of the extracts on the transplants was 
striking. If a period of rest was maintained between transplantation and the 
beginning of the injections, the hypertrophy of the acini was more marked than 
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in those experiments in which injections followed the transplantation directly. 
However, the difference between these two types of experiments is only of a quanti- 
tative character. 

{d) Transplantation, followed by a period of rest lasting six days, then by six 
injections of extract, followed by a second period of rest. The only difference 
between the results in this group of experiments and those in the preceding group 
consisted in the beginning disappearance of the effects of the extract when injec- 
tions were omitted for some time previous to examination. This applies especially 
to the character of the colloid ; a new formation of hard colloid had set in under 
these conditions. However, an increase in size and number of the acini was still 



Fig. 1. — Autotransplantation was followed by eighteen days of rest and six 
injections of extract of the anterior lobe of the pituitary gland. The acini are free 
from colloid, the epithelium enlarged and a capsule of connective tissue surrounds 
the transplant. Medium magnification. 

noticed, but the epithelium had become lower and the mitotic figures were dimin- 
ished in number. The thyroid was therefore in the process of returning from a 
state of hj^pertrophy to that of rest. 

Group 2.— In this group, transplantation was preceded by a series of injections 
of extract of the anterior lobe of the pituitary gland ; subsequent to transplantation 
there was a period of rest. 

(a) Six injections of extract, followed by transplantation and a six day period 
of rest (six experiments). The central portion of the transplant was necrotic, 
while the peripheral part of the gland was preserved. The surrounding loose fibrous 
tissue contained a few fibroblasts and blood vessels. Under high power magnifica- 
tion one could still notice a certain effect of the extract, as the colloid was softened 
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and contained some phagocytes, and many mitotic figures were seen, but the acinar 
epithelium had already become lower and was in the process of returning to a 
state of rest. 

(b) Ten injections given previous to transplantation, with a period of rest 
lasting ten days between transplantation and examination (two experiments). 
During the ten day period of rest a return of the graft to a normal condition was 
noticeable ; the phagocytes liad disappeared and though there was still an increased 
number of mitoses, the acinar epithelium had become flatter. 

(c) Six injections, followed by transplantation and a period of rest of eighteen 
days. In this transplant, the necrotic part had been replaced by a dense fibrous 
tissue. From the peripheral remnant of the thyroid, regeneration had developed. 
The changes, due to a preceding stimulation of growth by the extract, had disap- 
peared.^ A new formation of hard colloid in the well formed acini had taken place. 

Group 3. — A scries of injections was followed by transplantation; the graft was 
then subjected to a new series of injections. The transplant was removed cither 
directly after the last injection or following a period of rest subsequent to the 
second period of injections. 

(a) Six injections, followed hy transplantation and a second scries of six injec- 
tions (four experiments). A small central area of the transplant was still partly 
necrotic, but its organization by fibrous tissue had progressed. The periphery was 
well formed and showed large acini with hypertrophic cells. The colloid was 
softened or entirely liquefied. The softened colloid might have contained phago- 
cytes. Regeneration, as usual, had started from the peripheral living thyroid tissue. 

(b) Six injections, followed by transplantation, then a second scries of eighteen 
injections (two experiments). The central, formerly necrotic zone of the thyroid 
was replaced by a dense fibrous tissue. In the periphery the stimulation was indi- 
cated by the finding of a large number of mitoses, but the stimulation was not 
so marked as after six injections, as indicated by the lower acinar epithelium in 
comparison with the earlier stage. In the acini onh- a few phagocytes were visible. 

(c) Six injections, followed by transplantation, then a second series of six 
injections. The thyroid was examined following a period of rest lasting eighteen 
days. The regeneration of thyroid tissue had made good progress, but the acinar 
epithelium was in the process of returning to the resting stage, as indicated by' new 
formation of hard colloid. 

(</) Six injections followed by transplantation, then hy an eighteen day period 
of rest and a second scries of six injections (two c.xperiments). The regeneration 
was completed. The peripheral acini were distended and showed the structural 
changes characteristic of the e.xtract. However, the growth was not so good as 
in those cases in which the animal did not receive injections before transplantation. 

III. Effect of the Extract on the H omcotransplantcd Thyroid. — After determin- 
ing the effect of the extract of the anterior lobe of the pituitary gland on the 
autotransplanted thyroid, it was of interest to determine the effect of this substance 
on the homeotransplanted gland. The fate of the homeotransplanted thyroid gland 
differs greatly from that of the autotransplanted tissue. The various processes 
leading to the destruction of the former have been analyzed by Hesselberg and 
Loeb, Some control experiments were first carried out in which homeotransplanta- • 
tion of the thyroid gland of the guinea-pig was carried out in order to obtain a 
standard with which to compare the behavior of the homogeneous graft under the 
influence of extracts of the anterior lobe of the pituitary gland. 
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1. Controls (four experiments) : Connective tissue grew in greater quantity 
into the central necrotic part of the homeotransplanted than of the autotransplanted 
gland, and it destroyed the peripheral, living, glandular zone, first causing a shrink- 
age and gradual obliteration of the acinar, lumens. Seven or eight days after 
transplantation, a remarkable infiltration of the transplant with lymphocytes devel- 
oped and helped in the destruction of the transplant. Usually from twenty to 
thirty days after transplantation the graft was completely destroyed. As a rule, 
homeotransplants are preserved for only a short time. While regenerative proc- 
esses may be found also in homeotransplants, they are generally more extensive 
in autotransplants. Twenty-four days following homeotransplantation, a perfect 
healing in of thyroid tissue or a new formation of acini with colloid such as was 
seen in the autotransplanted glands had not taken place. 

Furthermore, it may be noticed that it is nearly always the lympliocjdes which 
mainly cause the elimination of the homeotransplant, while in autotransplants these 
cells are present only in a very small number, and in later periods they are not 
more frequent than in the normal gland. 

2. Experiments with Extract: Group 1. — Homeotransplantation was followed 
by injections of extract. 

(ffi) Homeotransplantation, followed by eighteen injections of extract, then 
removal of the transplant for microscopic examination (two experiments). The 
peripheral part, as well as the center of the transplant, showed preserved thyroid 
tissue. The surrounding area consisted of relatively dense fibrous tissue. A regen- 
eration of acini had taken place. It was especially noted that a mass of lympho- 
cytes penetrated the transplant without, however, completely destroying it. The 
effect of the extract was clearly indicated by the high acinar epithelium, the large 
number of mitotic figures and the softened or liquefied colloid; the change in the 
homeotransplant was, therefore, similar to that called forth in the normal gland 
by the injection of the extract. However, after eighteen injections the normal 
thyroid does not usually show so strong an influence of the extract as did this 
transplant. 

(6) Homeotransplantation, followed by a series of eight injections, then by a 
ten day period of rest (two experiments). The principal difference between this 
and the former experiment was that here only very few acini were preserved. The 
main part of the transplant was destroyed by F^mphocytes ; a newly formed capsule 
of connective tissue was not observed. The only part of such transplants pre- 
served may consist of a few scattered acini. In another similar experiment the 
whole transplant had been destroyed. 

(c) Transplantation, followed by a period of rest lasting five days, then by a 
series of twelve injections, one being given daily (two experiments). In this 
experiment the whole transplant was well preserved and enclosed in a dense fibrous 
capsule in one animal. In the periphery was found excellently regenerated thy- 
roid tissue in which some acini contained colloid. In the center some l}'mphocytcs 
were found, which, however, did not cause much destruction. Under high power 
magnification the effect of the extract was recognized by the presence of high 
acinar epithelium, an increase in the number of mitotic figures and the liquefaction 
of the colloid containing a few phagoc 3 dic cells. However, as far as the regenera- 
tion of the transplanted tissues in the two animals used in this case was concerned, 
'considerable variations were found; while one of the transplants was well pre- 
served, the other did not show any growth, although both pieces had been left m 
their respective hosts for the same length of time and an exchange of thyroids 
had taken place between the two animals. 
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(d) Transplantatior:, for!OV.-cd by a five day j>cr!cd of rest, then a scries of 
si:: injcctio-s folio’.ved again by a seven day period oi rest (iwo cr-cperiments). 
The center of the transplant consisted o: a sntall antount of connective tissue v.-ilh 
many Ij-mpnoc.-tes, but also in this case the transplant v.-as, on the whole, well 
preserved. The effect of the ectract was diminishing; the epithelium of the acini 
became lower and the colloid accumulated again in the acini. In the periphery 
scm.e lymiohcoj-tes were seen, and the surrounding area consisted of f.bni’ar con- 
nective tissue and blc'Od vessels. There were no homeotorcic cells, -which destroy 
the transplant. Growth an-j regeneration in this enpociment were very geed and 
simiiar to those seen in series c ffig. 2). 



t-ig. 2. Homeotransplantation was followed by five days of rest and six injec- 
JotiS, and a second period of rest lasting seven days. Connective tissue and 
enlarged acini are seen, iledium magnification. 


Gaoup 2. — series of six injections was given to the donor of the transplant 
preceding tr.e transplantation. As a result of these injections, the thjToid to be 
transplanted had become hypertrophic. The hj-pertrophic gland v.-as then trans- 
planted. ^ Tne grait was removed at the end of the experiment, either following a 
pe.iod 01 rest or after a series of injections had been given to the host so that the 
i.ansplant was subjected altogether to the influence of two series of injections of 
e.Mract, one being gi%-en beiore transplantation and a second one folio-wing trans- 
plantation. 

(o) Six injections given to the donor; transplantation of the hypertrophic 
gland, lollowed by a period of rest of eighteen days (t-wo e.xperiments). In this 
series only small remnants of the transplants were found. Alm.ost the whole thy- 
roid transplant was destroyed and replaced by connective tissue containing a iaree 
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number of lymphocytes. No difference between these pieces and the control 
homeotransplants could be seen. 

(b) Six injections given to the donor; transplantation, followed by six injec- 
tions into the host (three experiments). The transplant was necrotic in the center. 
A loose fibrous tissue developed here, and lymphoc 3 des began to invade the trans- 
plant. There was no essential difference between the results of these experiments 
and those of the controls, 

(c) Six injections given to the donor; transplantation; six injections into the 
host followed by twelve days of rest (two experiments). The results are the 
same as in experiment b. The graft was completely destroyed by b^mphocytes. 
No regeneration had taken place, nor was an effect of the extract noticeable 
(fig. 3). 



Fig. 3. — The thyroid used for homeotransplantation was taken from a donor 
which had received six injections with the extract. The new host received six 
injections; after a subsequent period of rest lasting twelve days, the homeotrans- 
plant was examined. The greater part of the graft has been destroyed. Alecliuni 
magnification. 


(d) Six injections given to the donor; transplantation, followed by eighteen 
injections into the host (two experiments). Under the conditions of this c.xperi- 
ment the graft was likewise completely destroj'cd b}’ homeotoxic lymphocytes. 

A number of other similar experirnents had analogous results. 


COMMENT 

My results are irr agreement with the conclusions of Loeb and of 
Borst,® who showed that the thyroid gland represents a relatively resis- 
tant tissue and that autotransplantation of this organ is successful. 


5. Borst, kl.: Brit. J- 2:383, 1913, 
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Thev agree also v.-ith tlie viev.- that the relations betv.-een ilie genetic 
constirarions of the host and the donor, as expressed :n the individu- 
alitv cigereniials. detennine the result of transplantation. My experi- 
nients have sho''.’.Ti that the transplanted organ responds to tlie stmiiilus 
of tlie hormone of tite anterior lobe of the pituitary- gland in approxi- 
matelv the same manner a.s does the normal orga.n. and tins applies 
to the autotransnlant a.s v/ed a.s to the homcotra.nsplant. a.lt!iougn in the 
case of tlie latter the amount of tissue that remains alive is mucli smaller 


and the parts that remain alive are exposed to the injurious rea.ctions oi 
the liost. As Loeb has shown, compensatory hypertrophy may develop 


in autotransplanted as vreil as in homeotran 
retrogression of tb.e hypenrophic and hype 
plants follotving the cessation of injections 


splanted thyroid- 
rplastic clianges 
of the extract of 


?. Likewise, 
in tlie trans- 
the anterior 


lobe of tlie pitukaiy gland takes place in tbe same manner in the trans- 
plants as in the normal gland which has been left in situ. Thus, while 
the transplants are ahected by the extract in a similar way to the normal 
gland, the hypertrophic and hyperplastic changes may not be quite so 
marked in the transplants, perhaps owing to tlie relatively unfavorable 
conditions which are present in tbe graft during the period following 
transplantation. A summation of the stimulus to regenerative growth 
which acts on the transplant. o\\-ing to its separation from its nomial 
environment, and of the enect of the extract does not take place. 

The result is different when compensatory hypertrophy is induced 
in one of the lobes of the thyroid gland through extirpation of the other 
lobe; it extract of the anterior lobe of the pituitar}' gland is allowed 
to act on thyroid tissue which is in process of compensator}* In-per- 
trophy. a summation of the two effects, compensator}* h}*pertrophy and 
h}*p€rtrophy and hyperplasia induced by the extract, does occur, pre- 
sumably because under these conditions the nontransplanted tissue is 
in a sausfactOi}* state and can readily respond to the stimulating agent. 

As stated, extract of the anterior lobe of the pituitary* gland can 
exert a stimulating effect also on the honieotransplanted thyroid gland, 
and it is probably due to the increased growtli energ}* induced in the 
transplant by the hormone of the anterior lobe of tlie pituitar}* gland 
that the th}*roid tissue is able to maintain itself better than the ordinar}* 
honieotransplanted gland and to overcome to some extent the injurious 
action or the Lymphocytes of the host. In order to accomplish this 
result, the injections of the extract must be begun at an early period 
loUowing transplantation; otherwise, if the injections are started at a 
time when the reaction against the transplant has become manifest, the 
stimulation by the hormone of the anterior lobe of the pituitary* gland 
IS without avail. It, in some cases, tlie graft is destroy*ed at an early- 
period, notvrithstanding the large doses of extract given, one mav assume 
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that the dift'erencc in the constitution ot the individuality differentials 
of host and transplant was so great that it could not be overcome by 
the added growth momentum of transplanted tissue. 

One might suppose that the regenerating tendency of thyroid tissue, 
which had been exposed to the influence of the extract previous to 
transplantation, would be veiy strong, but, under these conditions, the 
tissue to be transplanted is already hypertrophic, and hypertrophic 
thyroid tissue seems unable to withstand the injurious effects of either 
autotransplantation or homeostransplantation as readily as normal thy- 
roid gland. One may assume that the h 3 'pertrophic tissue is much more 
active, as far as metabolic changes and growth are concerned, than the 
ordinary thyroid gland, and, furthermore, that it needs a greater amount 
of oxygei] than can be supplied durijjg transplantation ; tlnjs it is injured 
to a greater extent than is the normal thyroid gland. One finds, there- 
fore, that whereas administration of extract of the anterior lobe of 
the pituitary gland following transplantation exerts a beneficial effect 
on the transplanted tissue, administration of this extract previous to 
transplantation is very injurious and leads to more unfavorable results 
than transplantation of the normal organ. 


SUMM.\RY 

1. Injection of extracts of the anterior lobe of the pituitary gland 
may induce hypertrophic and hyperplastic changes not only in the nor- 
mal, but also in the transplanted, thyroid gland of the guinea-pig: it 
may be effective not only in the autotransplanted, but also in the homeo- 
transplantecl, gland. Plowevcr, the effect is usually less marked in the 
transplant than in the normal tissue. 

2. The stimulation of the homcotransplanted thyroid tissue by the 
hormone of the anterior lobe of the pituitaiy gland may increase the 
abililv of the graft to resist the injurious factors which are active 
after homeotransplantation ; the preservation of the graft is thus 
improved. In order to accomplish this effect, it is necessary to apply 
the extracts after the th}-roid has been transplanted into the strange 
host. 

3. If. however, the tissue is caused to grow .and to undergo hyper- 
trophic changes previous to transplantation, the thyroid tissue shows 
a diminished power of resistance and is destroyed at an early period 
following transplantation. One must assume that the stimulated thyroid 
o-land is less suitable for transplantation than the resting normal gland. 
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il. A P.nVIEW OF CHEMICAL ASrECTS OF THE M^.LA^‘2:s 

PROr.LEM 


VICTOR C TACOBSMX. M.D. 
Au;\:cv, :c. y. 


The classihcntion of ihc iriany colored material? foimd in human 
tissues in health and in disease presents i^roblems which liave been 
approached from various auigle? over a long jverind oi years. I h.e 
problems as a. whole arc similar for the lov.’cr orders ui th.e animal 
kingdom as well, and possibly even for the protozoa. Th.e medierd 
student is taught that the pigmented substance? of th.e body arc divided 
into two main groups, the endogen.ous and the e.xogenous. The former 
consist of the pigments derived from b.cmoglobin, such as h.emosidcriri. 
liematoidin. i'.emofuscin and the bile pigments, the rather indefinite 
group oi lipodtromes and m.elanin. The exogenous pigment.s come 
from inhaled dust, jiroducing the pneumonokonioses. from tattooing 
and from foods and medicinal substances, causing carotenemia and 


argvTia. for instance. 

Melanin b.as generally been regarded as strictly endogenous, but 
since it is found in foods of plant and animal origin, it ha? also, at least 
theoretically, these exogenous sources. The term melanin is derived 
from the Greek ite.W?. meaning black. Tlie pigment is black, b.owever. 
only when viewed in large amounts. Smaller deposits are brownish, 
and hence luscin v.'ould be more appropriate etvmologically. In the 
medical literature are found such expressions a? melanism or melanosis, 
meaning vari'ing degrees of melanin dejxjsit in the skin ; melanocyte, a 
cell containing melanin; melanoma, a tumor containing melanin, and 
melanuna. the presence of melanin in the urine. 

IMelanin is tound in the pigment of the hair, the skin, the choroid 
OI the eye, the ciliarv- body, the pigment layer of the retina and various 
nen-e ceils. There are analogous foci of coloration in the lower animals, 
the ’‘ink' of the squid and butterfly wings ; in fact, the entire animal king- 
dom uses this pigment in its manifold color patterns and for protection 
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that the diffeience in the constitution of the individuality differentials 
of host and transplant was so great that it could not be overcome by 
the added growth momentum of transplanted tissue. 

One might suppose that the regenerating tendency of thyroid tissue, 
which had been exposed to the influence of the extract previous to 
ti'ansplantation, would be very strong, but, under these conditions, the 
tissue to be transplanted is already hypertrophic, and hypertrophic 
thyroid tissue seems unable to withstand the injurious effects of either 
autotransplantation or homeostransplantation as readily as normal thy- 
roid gland. One may assume that the hypertrophic tissue is much more 
active, as far as metabolic changes and growth are concerned, than the 
ordinary thyroid gland, and, furthermore, that it needs a greater amount 
of ox 3 rgen than can be supplied during transplantation; thus it is injured 
to a greater extent than is the normal thyroid gland. One finds, there- 
fore, that whereas administration of extract of the anterior lobe of 
the pituitary gland following transplantation exerts a beneficial effect 
on the transplanted tissue, administration of this extract previous to 
transplantation is very injurious and leads to more unfavorable results 
than transplantation of the normal organ. 

SUMMARY 

1. Injection of extracts of the anterior lobe of the pituitary gland 
may induce hypertrophic and hyperplastic changes not only in the nor- 
mal, but also in the transplanted, thyroid gland of the guinea-pig; it 
may be effective not only in the autotransplan ted, but also in the homeo- 
transplanted, gland. However, the effect is usually less marked in the 
transplant than in the normal tissue. 

2. The stimulation of the homeotransplanted thyroid tissue by the 
hormone of the anterior lobe of the pituitary gland may increase the 
ability of the graft to resist the injurious factors which are active 
after homeotransplantation ; the preservation of the graft is thus 
improved. In order to accomplish this effect, it is necessar}'^ to apply 
the extracts after the thyroid has been transplanted into the strange 
host. 

3. If. however, the tissue is caused to grow .and to undergo hyper- 
trophic changes previous to transplantation, the thyroid tissue shows 
a diminished power of resistance and is destroyed at an early period 
following transplantation. One must assume that the stimulated thyroid 
gland is less suitable for transplantation than the resting normal gland. 
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MELANIN 

II. A REVIEW OF CHEMICAL ASPECTS OF THE MELANIN 

PROBLEM 

VICTOR C. JACOBSEN, M.D. 

ALBANY, N. Y. 

The classification of the many colored materials found in human 
tissues in health and in disease presents problems which have been 
approached from various angles over a long period of years. The 
problems as a whole are similar for the lower orders of the animal 
kingdom as well, and possibly even for the protozoa. The medical 
student is taught that the pigmented substances of the body arc divided 
into two main groups, the endogenous and the exogenous. The former 
consist of the pigments derived from hemoglobin, such as hemosiderin, 
hematoidin, hemofuscin and the bile pigments, the rather indefinite 
group of lipochromes and melanin. The exogenous pigments come 
from inhaled dust, producing the pneumonokonioses. from tattooing 
and from foods and medicinal substances, causing carotenemia and 
argj^ria. tor instance. 

Melanin has generally been regarded as strictly endogenous, but 
since it is found in foods of plant and animal origin, it has also, at least 
theoretically, these exogenous sources. The term melanin is derived 
from the Greek /jieAa?, meaning black. The pigment is black, however, 
only when viewed in large amounts. Smaller deposits are brownish, 
and hence fuscin would be more appropriate etymologically. In the 
medical literature are found such expressions as melanism or melanosis, 
meaning varying degrees of melanin deposit in the skin ; melanocyte, a 
cell containing melanin; melanoma, a tumor containing melanin, and 
melanuria, the presence of melanin in the urine. 

Melanin is found in the pigment of the hair, the skin, the choroid 
of the eye, the ciliary body, the pigment layer of the retina and various 
nerve cells. There are analogous foci of coloration in the lower animals, 
the “ink” of the squid and butterfly wings ; in fact, the entire animal king- 
dom uses this pigment in its manifold color patterns and for protection 
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by color mimicry against. environmental perils. The amount of melanin 
necessary to color tissues grossl}^ is very small. It has been estimated 
that there is only 1 gram in the entire skin of a Negro (Abel and 
Davis ^). In a liver affected with metastatic melanoma, Berdez and 
Nencki - obtained 300 Gm. of melanin and estimated 500 Gm. in the 
entire body. Helman ® computed that melanin may constitute 7.3 per 
cent by weight of the fresh substance of some melanomas. The smallest 
amount of melanin or its total absence is seen in the albino, a congenital 
condition which occurs as a mendelian recessive character. Acquired 
loss of melanin usually occurs in localized areas of the body, the best 
example of this being vitiligo. However, in alopecia areata, leprosy, 
tuberculids, syphilids and burns, the lesion is often associated if not 
in the most active stage, at least in the healing and healed lesions, with 
partial or complete loss of the pigment in the skin and in the hair. 
Indeed, it seems that every disease of the skin has an effect on its 
melanoblasts and melanophores, but the effect may be either loss of pig- 
ment or a great increase and is dependent on factors little understood. 

Increased melanin deposits are seen in a variety of conditions. The 
normal melanin content varies with the races, with racial subdivisions 
and even individually, so that no color standard is possible. From 
ordinary “tanning” and the freckle or lentigo, chloasma or liver spots 
to xeroderma pigmentosum, pigmented papillomas and the pigmented 
nevus, there is at the other end of the spectrum the very dangerous 
tumor melanoma malignum. As expressions of serious disease 
involving the pigment regulatory system there are Addison’s disease, 
Recklinghausen’s disease (neurofibromatosis), arsenic poisoning and 
senility, in which diffuse melanosis cutis is often a striking feature. 
Endocrine disturbances affecting especially the anterior lobe of the 
hypophysis and the thyroid are often accompanied by excessive pig- 
mentations. 

A substance with so definite a name which has adhered for these 
many 3^ears naturall}'- has been studied to determine its chemical composi- 
tion. The greatest difficulty in the Avay of such an investigation is its 
relative insolubility in fluids from which it could be extracted in pure 
form through crystallization. Melanin can be removed from tissues with 
alkalis and to a less degree by acids, but while the resultant solution is 
highly colored it cannot be assumed that the extracted material is any 
longer simply melanin. Nevertheless, Floffmeister ^ endeavored to 

1. Abel, J. J., and Davis, W. S.; J. Exper. Med. 1:361, 1896. 

2. Berdez, J., and Nencki, M.: Arch. f. exper. Path. u. Pharmakol. 20: 

346, 1886. 

3. Helman, D.: Zentralbl. f. inn. Med. 23:1017, 1902. 

4. Hoffmeister, cited b}' Wells, H. G.: Chemical Pathology, Philadelphia, 
W. B. Saunders Company, 1925, p. 527. 
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cstal)lish its molecular composition and arrived at the proportion 
N:H:C = ]:5:5. Sulphur was high, about 10 per cent in mclano- 
sarcomas and 12 per cent in the ink of the squid. No sulphur was 
found in choroid melanin. The sulphur in hair was from 2 to 4 i)cr 
cent. A trace of iron was sometimes found. Salkowski mentioned 
several melanins all of which contain sulphur and phosphorus. As 
stated by Matthews,^' the composition of melanin is not definitely known, 
and he regards it as a not well defined chemical substance. 

Gortner,' who has studied plant and animal ])igments for many years, 
gave the following composition for melanin: C. 52.57 : H, 7.28: X, 
13.43 :S. 1.33, or, comparing his findings with Salkow.ski’s ratio of 
N : H : C = 1:5:5, the proportions would be N : M : C = 2 : 1 : 7.5. This 
divergence probably is due to the different sources of the pigmetits used. 
It does not, however, prove that there is not a basic ])igmented com- 
ponent of the complex biologic unit called melanin. 

Gortner ® isolated from black wool by treatment with c.xtrcmeh' 
dilute alkalis a material of protein nature which was intensely black 
but which on acid hydrolysis yielded about 90 per cent of its weight 
in amino-acids. This complex he regarded as a conjugated protein in 
which melanin is the associated chromogen. He was unable to isolate 
a similar compound from nonpigmented wool, and since other pig- 
mented structures like human hair, black rabbit fur and black feathers 
did not yield a similar product, he thought it reasonable to believe that 
the pigment of black wool exists in the form of melanoprotein rather 
than as melanin unassociated with the protein molecule. Spiegler,'* on 
the other hand, isolated from white wool a white chromogen closely 
related to melanin chemically. 

The animal pigment melanin is now generally regarded as formed 
by the interaction of a chromogen and an oxidase which is apparently 
tyrosinase. 

In 1896 Bertrand discovered an oxidase which produced various 
colors to a black precipitate with tyrosine and called it tyrosinase. 
In 1902 von Fiirth and Schneider suggested that melanins were 
probably the product of the interaction of tyrosine and tyrosinase. In 
the same year Dewitz^- found that pigmentation of the fly, Lucilia 

5. Salkowski, E. ; Virchows Arch. f. path. Anat. 240:353, 1922. 

6. Matthews, A. P. : Physiological Oicmistry, Xew York, William Wood 
& Company, 1925, p. 710. 

7. Gortner, R. A.; J. Biol. Chem. 8:341, 1910. 

8. Gortner, R. A.: Biochem. Bull. 1:207, 1911. 

9. Spiegler, E.; Beitr. z. chem. Physiol, u. Path. 4:40, 1902; 10:253, 1907. 

10. Bertrand, G. : Compt. rend. Acad. d. .sc. 122:1215, 1890. 

11. von Fiirth, 0., and Schneider, H. : Beitr. z. chem. Physiol, ii Path !• 
229, 1902. 

12. Dewitz, M. I,: Compt. rend. Soc. de biol. 54:44, 1902. 
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caesar, was caused by the action of t 3 T 0 sinase on a chvomogen. In 
1900 Roques showed that a similar reaction occurred during meta- 
morphosis and pigmentation of a beetle, Limnophilus flavicornis, Fahr., 
and in 1905 Phisalix noted similar changes in the integument of the 
cockroach larva, Ph)dlodromia germania. In 1904 Durham extracted 
the fetal skins of black rabbits and agouti guinea-pigs, and after incu- 
bating at 37 C. for ten days in the presence of tyrosine and ferrous 
sulphate dark precipitates formed. He used toluene as a preservative, 
and no coloration was produced without the use of ferrous sulphate. 

Gortner noted two varieties of tyrosinase in the meal worm, 
Tenebrio molitor, one water-soluble, the other water-insoluble, the latter 
in greater amount. The enzyme is uniformly distributed, but the color 
pattern in the potato beetle, for instance, was thought to be due to a 
localized secretion of chromogen. In his analyses published in 1911 
Gortner found that melanin on h)’^drolysis yielded tyrosine, lysine, 
arginine and 10 per cent “melanohumin,” a brownish-black residue. 
Hence he regarded melanin as essentiall}^ of protein nature, a conclusion 
supported by the recent immunologic studies of Adant at the Uni- 
versity of Louvain. The inability of chemists to isolate the basic pig- 
mented factor has led to the use of the term melanins, suggesting that 
their number may be legion. Gortner stated that all melanoproteins 
are melanin, but not all melanins are melanoproteins. Some are acid- 
soluble. Those of keratin are insoluble in alkali until some decomposi- 
tion has set in. The melanoproteins stain keratin diffusely as in auburn 
hair. Gortner further found that rn-c/f-hydroxyphenols (orcinol, 
resorcinol and phloroglucinol) inhibit the oxidation of tyrosine by 
tyrosinase, yet do not destroy the tr 3 mosinase, nor are they themselves 
oxidized in preference, their presence being sufficient to inhibit the 
reaction. While no similar chemical has as yet been isolated from a 
dominant white organism, this test tube experiment is at least sug- 
gestive of the mechanism that may be involved. Dominant whites, he 
holds, are due to the presence of anti-oxidase, while regressive whites 
have not the power either to form pigments or to inhibit their formation. 

The old idea that melanin is derived from hemoglobin no longer 
has adherents. Mierowsky’s studies with incubated skin were strongly 
against this h 3 ^pothesis. He found also a pyronine-red substance in 

13. Roques, X.; Compt. rend. Acad. d. sc. 149:418, 1909. 

14. Phisalix, M. C: Compt, rend. Soc. de biol. 57:17, 1905. 
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18. Adant, M.: Arch, internat. de med. exper. 7:698, 1932. 
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cell nuclei, and this substance Dyson thought is the chromatinprotein 
part of the melanin granule. 

Piettre hydrolyzed animal melanin with 25 per cent sulphuric acid 
and obtained amorphous amino-acids, t 3 'rosine, leucine and a melanotic 
pigment. This pigment was insoluble in acids but very soluble in alkali. 
Melanin easily loses ammonia in alkaline solution. 

Young, == in studjdng the pigment in the skin of an Australian black, 
extracted it in warm 5 per cent potassium hydroxide. The filtrates on 
cooling deposited much fat, which was removed. Ihe final clear filtrate 
was acidified with hydrochloric acid ; the pigment was precipitated as a 
dark brown powder, redissolved repeatedly in 5 per cent potassium 
hydroxide, filtered and reprccipitatcd and thoroughljf washed with dis- 
tilled water, dried, washed with alcohol, ether and carbon disulphide 
and dried in a vacuum over sulphuric acid. Tliis powder was quite 
Itydroscopic. Analyses showed it to contain carbon, hydrogen, nitrogen 
and sulphur and a trace of iron. When tested in solution spectro- 
scopically, it was found that all rays in the violet, blue and part of the 
green were absorbed to a wavelength of about 515 microns. 

Furth and Schneider “ regarded melanin as depending on the action 
of tyrosinase in conjunction with autolytic enzymes, the latter being 
freed from the chromogen groups of the protein molecule and then 
oxidized by the tyrosinase, undergoing condensation and taking up 
sulphur and iron, and possibly other elements, the entire complex form- 
ing the melanin. Sulphur and iron were considered as not indispensable 
constitutents of the melanin molecule. 

While there is a lack of unanimity regarding the constancy of 
sulphur in the melanin molecule, so many workers have stated definitely 
that melanin contains sulphur that it seems apropos to delve more 
deeply into the ubiquity of sulphur in human cells. The recent attention 
given to the sulphydril compounds has necessitated research with the 
sulphur-containing amino-acids, the most important of which is cystine. 
Ropshaw regarded melanogenesis as nature’s microcolor reaction in 
which the cysteine-cystine complex acts as an indicator, revealing a phase 
of nuclear metabolism, viz., the cleavage of protamine and its diffusion 
into the cytoplasm. Cysteine, he stated, is present in the cytoplasm 
within the more complex body, the tripeptide glutathione, and protamine 
is present in nucleoprotein (chromatin). The cleavage caused by cell 
enzymes results in these two compounds being freed and brought in 
contact. In vitro, a black precipitate is fonned when protamine and 

20. Dyson, W.: J. Path. & Pact. 15:298, 1910. 
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cystine are brought together. In time the color disappears. Possibly 
this may indicate the mechanism whereby melanin reverts to a colorless 
form. In the skin, incidentally, the sulphydryls are limited to the 
epithelial layer. Sulphur is also abundant in the appendages of the skin, 
such as the nails. 

Hartwell found that the more tyrosinase and tryptophan in the diet 
of rats the darker their coats became. Lignac,^® on the other hand, 
showed that boiled tissues develop pigment under a quartz light and 
suggested that it was formed by a pol 3 anerization of quinidines. Also 
injections of pyrrole produced melanuria; therefore, melanin might be 
a simple cyclie complex of the pyrrole nucleus. 

In most discussions on melanin, brown or blackish colors have been 
assumed, too uncritically it seems to me, to be melanin, or “a melanin,” 
of “melanins.” It is to be hoped that the term melanin can soon be 
used correctly only in the singular and with a definite idea as to a 
fundamental pigmented factor which, however, may have the ability to 
link itself with other substances, such as fat, lipoid, sulphur or metals, 
without altering its essential character. 

Attempts at producing melanin in vitro have naturally had as their 
first aim the production of a black or brownish-black pigment. The 
aromatic compounds of the protein molecule, such as tyrosine, phenyl- 
alanine and tryptophan, readily condense with the elimination of water 
to form colored substances. Artificial melanin or melanoid substance 
can be formed by heating protein with hydrochloric acid. On decomposi- 
tion with fused potassium hydroxide, it yields skatole, indole and 
pyrrole derivatives, derived from tyrosine and tryptophan. Bloch 
has noted that the artificial melanin from tyrosine varies in its nitrogen 
content from 4.3 to 8.5 per cent. It seems probable that melanoid and 
melanin are formed from chromogen groups of the protein molecule 
through a process of condensation, elimination of water and the taking 
up of oxygen. 

Brahn derived a melanoidin from keratin and believed it very 
similar in composition to melanin to which he gave the structure 3, 
4 df-hydroxyphenylcysteine. 

In the ink sac of the cuttle fish and the meal worm and in plants 
producing Japanese lacquer there have been found oxidizing enzymes 
that can produce black pigment by their action on tyrosine solutions. 

Neuberg,-® with extracts of a melanosarcoma of the suprarenal 
gland, produced pigment from epinephrine and B-oxyphenylethylamine, 
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25. Lignac, G. O. E.: Virchows Arch. f. path. Anat. 240:383, 1923. 
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but not from tyrosine. Tlie ink sac of the squid contains an enzyme 
forming a pigment from epinephrine, also apparently through oxidation 
and condensation. 

Winternitz-® found in the uvea of the hog and the black sub- 
cutaneous tissue of the horse an enzyme causing darkening of tyrosine. 
These enzymes might hence be responsible for the production of melanin 
in animal tissues by causing oxidative changes in the chromogen groups 
of the protein molecule that are liberated by autolysis ( Wells ”°). 

It might be of advantage to indicate the structural relationships of 
tyrosine, epinephrine, ephedrine and f/f-hydroxyphenylalanine. 

Di-llyd roxyt'Ix^iiy!- 

Tyrosiitc Ephedrine alaittnc 



OH on OH 


THE KE.VCTIOX TO UI-IIVDKOXYPJIEXYE.VLAXIXE 

Among the modern students of pigmentation the name of the late 
Bruno Bloch of Zurich occupies a leading place. His studies have 
thrown much light on the origin of melanin and have been of great aid 
in the understanding of melanotic tumors, filling in certain gaps in the 
Soldan-Masson theory of the nervous origin of melanomas. In trying 
to account for the diffuse melanosis in Addison's disease, he reasoned 
that here was a condition in which the melanin deposits were associated 
with a lesion in an organ, the suprarenal gland, the main product of 
which is a pyrocatechin derivative, epinephrine. 

He then used the cyclic amino-acid most closely related to epi- 
nephrine, c/i-hydroxyphenylalanine. Frozen sections of fi'esh skin were 
placed in 1 per cent (/i-hydroxyphenylalanine for from two to four 
hours at room temperature. In the cells which he regarded as those 
capable of forming melanin, the melanoblasts, the f//-hydroxyphenyl- 
alanine was converted into a dark insoluble pigment, or f/Z-hydrox}'- 
phenylalanine melanin. In other words, these cells contained an oxidase, 
or t/f-hydroxyphenylalanine oxidase. The cells did not develop melanin 
when exposed to pyrrole, tryptophan, tyrosine or epinephrine. The 
reaction appears to be definitely of a fermentative nature and is positive 

29. Winternitz, R. ; Arch. f. Dermat. u. Syph. 126:252, 1918. 
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only ni the cytoplasm (an argument against the nuclear origin of 
melanin). 

The reaction to fl'Th3^droxyphenylaIanine is an indicator of the 
presence of a pigment-forming oxidase, but df-hydroxyphenylalanine 
is not necessarily the mother substance of natural melanin. It indicates, 
however, that pyrocatechin derivatives may play a role as substrates in 
the formation of the natural pigment. 

The only physiologic pyrocatechin derivative is epinephrine. Pyro- 
catechin derivatives are occasional!}^ found in the urine of patients with 
general melanomatosis, melanemia and melanuria; hence Bloch thinks 
that it is logical to believe that the derivatives come from the mother 
substance of melanin, becoming free through the disintegration of tumor 
cells, finally entering the blood and being excreted by the kidneys. An 
important exception to the so-called specificity of df-hydroxyphenyl- 
alanine in indicating melanoblasts is the polymorphonuclear leukocyte 
the oxidase of which forms a black pigment with di-hydroxyphenyl- 
alanine. The enzyme concerned is probably a polyphenolase and is 
capable of oxidizing many phenols to colored products. 

The reaction to dz-hydroxj'phenylalanine is of importance in the 
understanding of the chemistry of melanin. Its significance in cellular 
studies will not be discussed in extenso here. Bloch’s main contribution 
basically was in showing that in the formation of melam'n, ferment 
processes play an important role. Lemmel,®- on the other hand, ques- 
tioned the enzymatic nature of the reaction since he found the reaction 
to df-hydroxyphenylalanine more active in boiled than in fresh tissues, 
but it is difficult to reconcile this with the fact that d/-hydroxyphenyl- 
alanine oxidase dissolves quickly in water and is dispersed (Laidlaw “®). 

Zl 7 -h)ffiroxyphenylalanine, as can be seen from its molecular struc- 
ture, is an amino-acid similar in some respects to epinephrine. It occurs 
in the Georgia velvet bean (Stizolobium deeringianum) and in the seeds 
of Vicia faba (Miller®^). It reacts more or less like epinephrine but 
does not have the highly marked physiologic properties, although dis- 
tinctly toxic. It is apparently the chromogen involved in certain brown 
and black animal pigmentations, such as butterfly wings (Vanessa 
antiopa, Hasebroek 

Bloch and Schaaf cited additional evidence for the specificity of 
di-hydroxyphenlalanine oxidase. The reaction -to df-hydroxyphenyl- 
alanine of human skin is given only by the levorotatory T/f-hydrox}'- 

32. Lemmel, A.: Centralbl. f. allg. Path. u. path. Anat. 32:89, 1921. 

33. Laidlaw, G. F.; Am. J. Path. 8:41, 1932. 

34. Miller, E. R.: J. Biol. Chem. 44:481, 1920. 

35. Hasebroek, K., cited by Gortner, R. A.: Outlines of Chemistry, New \ork, 

John Wiley & Sons, Inc., 1928, p. 452. 

36. Bloch, B., and Schaaf, F.: Klin. Wchnschr. 11:10, 1932. 
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phenylalanine and not b\' the dextro form. 1 yrosinase acts on both 
form's. The levorotatory compound is the natural form and is probably 
the propigment (Peck, Sobotka and Ivahn“‘). 

Spencer has studied the chemical relationships of melanin, show- 
ing that protein derivatives like tyrosine, which contain the groups 
pyrrole, skatole or indole, are capable of being changed into melanin 
when acted on by certain enzymes which are found to occur frequent!}' 
in plants and in the blood of insects and Crustacea, and to their action 
the darkening of the blood of the animals on exposure to the air has 
been attributed (Alsberg 

The dark color fungi assume when dying is dependent on an oxidiz- 
ing ferment, for tyrosine, when mixed with an emulsion of fungi, turns 
black. The ferment obtained from the pupae of butterflies, when 
treated with tyrosine, forms a black pigment identical with melanin 
(McDonagh ^®). In 1887 Thormaehlen discovered in the urine of 
patients suffering from melanotic cancer of the liver a substance which 
darkened on exposure to air, but was intensified by treatment with 
oxidizing agents. This discover}'' suggested that the mother substance 
of melanin might be a colorless chromogen, melanogen. 

The subcutaneous injection of melanin into guinea-pigs and rabbits 
is followed by the appearance in the urine of a substance which turns 
dark brown after the urine has stood for several days (Helman®), 
The pigment is said to be changed by the liver to the colorless fonn 
and by oxidation in the urine again assumes its pigmented character. 
Oxidizing agents will hasten the reaction. Helman has laid down three 
criteria for the presence of melanogen in the urine : First, the addition 
of ferric chloride must cause the development of a black precipitate. 
Second, this precipitate must dissolve in a solution of sodium carbonate. 
Third, mineral acids must also precipitate a black or brownish-black 
powder. There may be confusion in cases of chronic phenol intoxi- 
cation and extreme indicanuria (Feigl and Quemer^"). 

Eppinger noted that the feeding of tr}'ptophan to patients with 
melanuria increases the excretion of melanin. He found that in patients 
with melanoma the power of the body to destroy the pyrrole ring is 
reduced, with the result that it undergoes reduction and methylation 
with sulphuric acid to form a sulphate of methyl-pyrrolidine-hydroxy- 
carbonic acid, CHg-QHgNjO^. 

37. Peck, S. M. ; Sob*otka, H.. and Kahn. J. : Klin. Wchnschr. 11:14, 1932. 

38. Spencer, W. G.: Brit. M. J. 2:907, 1923. 

39. Alsberg, C. L. : J. M. Research 16:117, 1907. 

40. IklcDonagh, J. E. R.: Brit. J. Dermat. 22:316, 1910. 

41. Thormaehlen. J.: Virchows Arch. f. path. Anat. 108:317, 1887. 

42. Feigl, J., and Querner, E. : Deutsches Arch. f. klin. Aled. 123:107, 1917 

43. Eppinger, H.: Biochem. Ztschr. 28:18, 1910. 
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Abderhalden found a substance rich in tryptophan in the urine 
of a patient with melanuria. Priinavera^^ noted in the urine of a 
patient with melanoma free tyrosine which fluctuated in amount with 
the pigment. 

The pigment in Addison’s disease has been assumed to be melanin. 
The circumstantial evidence is in favor of this assumption. Eiselt^® 
isolated from the urine in Addison’s disease a pigment rich in sulphur 
which he considered to be identical with melanogen. Jacobsen and 
KlinckJ" utilizing the ability of melanin to reduce silver nitrate, found 
in the urine of two patients with Addison’s disease renal casts con- 
taining a brownish and black pigment which was very argyrophilic and 
which they concluded was melanin. In the kidneys of patients with 
Addison’s disease they also found much similar pigment in renal casts 
in situ and in the cells of the cortical and medullary tubules. The 
distribution of this pigment was the same as that in the kidneys of mice 
bearing large melanomas and in human melanomatosis. 

Melanin, when injected parenterally, becomes decolorized by the 
reducing action of the tissues which blacken when oxidized. Quattini 
injected pyrrole, indole and skatole subcutaneously into rabbits and 
found that in from nine to eighteen days the skin became darkened, 
and there was increased growth of pigmented hair. These observations 
suggest that a mother substance belonging to the indole group ma}'' be 
acted on by an enzyme produced in the epidermal cells, with the pro- 
duction of a melanin pigment (Dawson When melanin from mela- 
notic tumors is treated with strong alkali, it yields indole and skatole and 
various volatile fatty acids, and under dr}'^ heat melanin giA’^es off 
p3Trole. 

Melanosis coli or melanotic pigmentation of the colon is of great 
interest in the study of the formation of melanin. Beneath an intact 
epithelial cOA'^ering the stroma of the mucosa of colon, and often too of 
the appendix, is croAvded Avith cells containing a brownish-black pigment 
Avhich in the gross giA'es a grayish-black color to the lining of the 
intestine. The pigment looks like melanin and has affinity for sih^er 
salts. The pigment-bearing cells are negative to ^//-hj'droxyphenylalanine, 
indicating that the}" do not actually form the pigment and hence must 
be phagocytes Avhich haA^e engulfed it. The condition apparently occurs 
onl}' in ver}’’ constipated people or AA'hen there is a chronic intestinal 
obstruction of mechanical origin. 

44. Abderhalden, E. : Ztschr. f. physiol. Chem. 78:159, 1912. 

45. Primavera, cited by Wells, H. G. : Chemical Pathology, Philadelphia, 
W. B. Saunders Company, 1925, p. 531. 

46. Eiselt, R. : Ztschr. f. klin. Med. 69:393, 1910. 

47. Jacobsen, V. C, and iClinck, G. H., Jr.; Arch. Path. 17:141, 1934. 

48. Quattini, AL, cited by Spencer.^s 

49. DaAA'son, J. W. ; Edinburgh M. J. 33:657, 1925. 
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Recently, in discussing the mobilization and excretion of melanin, 
Tacobseii and Klinck ■*' suggested that melanosis coli is possibly evidence 
that the intestinal tract is one of the main routes for the escape of 
melanin after its discharge from effete body cells normally containing it. 
They had shown also that the kidneys are another important channel 
for the escape of surplus melanin. In melanosis coli there arc compli- 
cating factors which in view of what is known of the composition of 
the melanin molecule make it necessary to consider the possibility of 
synthesis of melanin in the intestinal canal, the amino-acids and 
tyrosinase probably being present, and the whole being more of an in 
vitro than an in vivo process. 

Ludwig Pick,“'’ however, expressed the belief that the aromatic pro- 
tein degradation products are absorbed from the large intestine and 
converted into melanin within the connective tissue cells by a ferment 
resembling tyrosinase. The melanin in melanosis coli varies somewhat 
in its reactions, at times reacting slowl}' to silver nitrate and being 
bleached by hydrogen dioxide with more difficulty than is the pigment 
of the skin (Lignac -^). 

An interesting but rare disease which throws some light on the 
chemical relationships of melanin is ochronosis. In 1866 \’irchow first 
described it with its pigmentation of the cartilages and ascribed the 
pigment to hemoglobin derivatives. \’on Hansemann noted melanuria 
with the condition, and Hecker and Wolf confirmed this observation. 
Albrecht suggested a relationship to alkaptonuria, having found 
homogentisic acid in the urine. In 1906 Ludwig Pick studied the 
condition and summarized the matter as follows ; 

Ochronosis is a definite form of melanotic pigmentation, the pigment of 
ochronosis being in most cases closely related to melanin. The pigment or its 
chromogen, circulating freely in the blood, is imbibed not only by cartilage, 
but also by loose connective tissue, voluntary and involuntary muscle cells and 
epithelial cells, without any obvious decrease in vitality of these cells. Degen- 
erated tissues show the greatest amount of pigmentation. The diffuse pigment 
may become granular after a time. It is iron-free, but under certain circum- 
stances may contain fat. The melanin arises from the aromatic nucleus of the 
protein molecule (tyrosine, phenylalanine), and the related hydroxylized products, 
under the influence of tyrosinase. 

In some cases the constant absorption of minute quantities of phenol 
from surgical dressings has apparently caused the condition. Besides 
this formation of pigment from such exogenous aromatic substances, 

50. Pick, L.; Berl. klin. Wchnschr. 43:478, 1906. 

51. von Hansemann, D. : Berl. klin. Wchnschr. 29:660, 1892. 

52. Hecker, A., and Wolf, H., cited by Wells, H. G. : Chemical Pathologv, 
Philadelphia, W. B. Saunders Company, 1925, p. 532. 

53. Albrecht, H.; Ztschr. f. Heilk. 23:366, 1902. 

54. Pick, L.: Berl. klin. Wchnschr. 48:840, 1911. 
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it is probable that in alkaptonuria the endogenous aromatic substance, 
homogentisic acid, may be converted into pigment by tyrosinase. In 
many cases of ochronosis the pigment or a precursor may be excreted 
in the urine, which then undergoes spontaneous darkening when exposed 
to the air. The kidneys may also become pigmented, and granular 
masses of pigment may be present in the renal tubules. The evidence, 
as Wells stated, is quite conclusive of the origin of ochronotic pig- 
ment from aromatic radicals, whether these radicals are converted into 
true melanin or not. The structure of homogentisic acid is ; 



A t3'pe of ochronosis which affects the bones rather than the 
cartilages in the lower animals also occurs. Schmey has called this 
condition osteohemochromatosis, and others have called it osteo- 
hematophju'ia. If it is comparable with a pigmentation of bones which 
occurs in fish, the pigment is not of blood origin but is true melanin 
in all probability. Harper observed extensive melanism in the skeleton 
of Raia maculata, every portion of the skeleton containing a deposit of 
melanin pigment. The deposit was heaviest in the main cartilages. The 
pigment ■was extracted with methyl alcohol acidified with hydrochloric 
acid. This solution after filtration showed no absorption bands, which 
excluded all compounds of the porphyrin class and, in particular, 
uroporphyrin. It was bleached by hydrogen dioxide or nitric acid, indi- 
cating that the pigment probably belongs to the melanin type. Gross 
has produced ochronosis experimentally by the administration of 
homogentisic acid, but numerous cases are on record of alkaptonuria 
without ochronosis. Some profound metabolic disorder .involving the 
catabolism of tyrosine and phenylalanine seems at fault, and usually it 
is of hereditary nature. The presence of homogentisic acid in the urine 
should not be taken necessarily as an indication of a pathologic condi- 
tion, since an increased consumption of proteins containing tyrosine 
and phenylalanine will increase the amount of homogentisic acid which 
is excreted. 

In spite of much contradictory research on the structure of the 
melanin molecule, there appears to be general agreement on certain 
basic facts. When tyrosinase acts on tyrosine, a series of changes in 
color occurs, most rapidly at pn 6 and more slowly between pn 6 and 8. 

55. Schmej', M. : Frankfurt. Ztschr. f. Path. 12:218, 1913. 

56. Harper, W. F. : J. Path. & Pact. 35:865, 1932. 

57. Gross, O. : Deutsches Arch. f. klin. Med. 128:249, 1919. 
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At first a red color develops which passes into a brown or black. The 
red color, according to Laurens,®® becomes decolorized, forming an easily 
oxidizable substance. The red color is the primary result of the action 
of the tyrosinase, the subsequent changes being purely oxidations. It 
is probable that the first product of the action of tyrosinase on tyrosine 
is the formation of (//-hydrox 3 'phenylalanine. On oxidation this 
becomes the corresponding quinone, which in turn is converted into 
5 : 6 di-hydroxy-tf;-hydroindol-2-carbox)dic acid. This by oxidation 
becomes the corresponding quinone, which is probably the red sub- 
stance, the first visible product of the enzxane action, ^^^hen the red 
substance is decolorized it gives rise to 5 : 6 <f/-hydroxyindol or its 
2-carboxylic acid, both probably easil}' oxidized in the air and one of 
which must be the colorless melanogen. 

Since the only physiologic p)'rocatechin derivative is epinephrine, 
and since pyrocatechin derivatives play their most conspicuous role in 
melanomatosis, the coincidence carries weight as indicating that pyro- 
catechin derivatives come from the mother substances of melanin, which 
are formed in great amount, are freed through break-up of tumor cells, 
enter the blood and are eliminated through the kidneys and probably 
also through the intestinal tract. 

Melanin has some of the characteristics of a true protein or colloid 
and is classed by Gortner as a conjugated protein, subgroup chromo- 
protein or melanoprotein. The recent studies of Adant seem to indicate 
that melanin has also one of the biologic properties of proteins; i. e., 
it is antigenic. A knowledge of this fact opens a field of research which 
ma)'- result in important discoveries concerning normal and pathologic 
pigmentation. An appreciation of the normal variations in the threshold 
of secretion and excretion of melanin in conjunction with an accurate 
estimate of its antigenic potency maj’- lead to the development of a sero- 
logic method for the determination of familial and racial characters 
based on potential or actual melanogenesis. 

58. Laurens, H. L. : Physiological Effects of Radiant Energy, New York. The 
Chemical Catalog Company, Inc., 1933, p. 134. 



Notes and News 


University News, Promotions, Resignations, Appointments, Deaths, 
etc. — According to Science, G. P. Wright has been appointed to the Sir William 
Dunn chair of pathology tenable at Guy’s Hospital Medical School. Since 1931 
he has been assistant lecturer in morbid anatomy and curator of the Museum at 
University College Hospital Medical School and also pathologist of the hospital. 

Bradley Ai. Patten, associate professor of histology and embrimlogy in Western 
Reserve University has resigned to become assistant director for medical sciences 
for Rockefeller Foundation. 

Albin Haberda, professor of legal medicine in tbe University of Vienna and 
author of a widely used textbook of legal medicine, has died at the age of 66, after 
a long illness. 

Society News. — At a conference held in Washington on Feb. 5 and 6, 1934, 
under the auspices of the National Research Council there was organized the 
American Academy of Tropical Aledicine with Theobald Smith as president, 
Charles F. Craig as vice-president, W. W. Cort as treasurer, E. B. McKinley as 
secretary, and a council of five. 

George B. Hassin has been elected president, and Armando Ferraro secretary, 
of the American Association of Neuropathologists. 

The German Pathological Society will hold its ne.xt meeting in Rostock May 
23 to 25, 1934. 

Bequests. — According to Seicnce Neivs-Leiter, tbe University of Wisconsin has 
received a bequest from the late Miss Jean Bowman to found a cancer clinic and 
research center. 

Grants-in-Aid. — The Committee on Grants-in-Aid of the National Research 
Council announces that it has received a new grant for the year 1934. Formal 
blanks for use in applying for a grant will be furnished on request to the committee, 
2101 Constitution Avenue, M'^ashington, D. C. The Committee on Scientific 
Research of the American Aledical Association has been given a new appropriation 
by the trustees of the Association. Application blanks will be sent on request to 
535 North Dearborn Street, Chicago. 



Obituaries 


yiAJOR PAUL EDGAR McXABB. M.C.. U.S.A. 

1SS7-1934 


Maior Paul Edgar IMcXabb died on Feb. 24. 1934. from a rapidly 
progressive hvpertensive disease and cerebral iiemorrhage. He was 
born in Sevier Countv. Tenn.. on iMay 2o. ISS/. and at the age of 5 
years moved with his parents to Kno.xville. Tenn.. where he spent his 



iLATOR PAUL EDGAR itcXABB. M.C. U.S A. 

1SS7-1934 

boyhood. He graduated in medicine at the Universit}* of Pennsylvania 
m 1912. and then practiced medicine for several years with his father. 
Dr. Charles P. iMcXabb. a distinguished physician in IvnoxHlle. 

3kIaior iMcXabb was an honor graduate of the Army Medical School 
in 191/. and ser\-ed in France during the World M'ar. He graduated 
from the advanced course. Arm}' ^ledical School, in 1921. and was 
assigned to the laborator}- service of the medical department, where 
he served Mi’th distinction in many difficult assignments, including the 
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Second Corps Area Laboratory, New York; Board of Health Labora- 
tory, Ancon, Canal Zone; Walter Reed General Hospital, and the 
Army Medical School. During this service he came to be regarded as 
one of the outstanding pathologists in the Army Medical Corps. He 
was curator of the Army Medical Museum from February, 1931, to 
January, 1933, and was president of the U. S. Arm)’’ Medical Depart- 
ment Research Board in Manila, P. I., at the time he was stricken with 
the illness which forced him to return to the United States. 

Always interested in research, he published articles on postmeasles 
pneumonia, quinine prophylaxis in army troops in the Canal Zone, 
coronary sclerosis in angina pectoris and the presence and significance 
of albuminuria in the personnel of a citizens’ military training camp. 
In collaboration with others, he published articles on hemochromatosis 
and congenital heart block. 

Major McNabb was a fellow of the American Medical Association 
and of the American College of Physicians and was a member of the 
American Association of Pathologists and Bacteriologists, the Inter- 
national Association of Medical Museums and the National Board of 
Medical Examiners representing the U. S. Army Medical Corps. He 
was also an honorary life member of the Knox County Medical Society. 

An indefatigable worker for the interests of the laboratory service. 
jMajor McNabb was keenly interested in the welfare and advancement 
of its personnel, especially of the junior members of that service. Pos- 
sessed with professional ability, charming personality and more than 
ordinary tact, he quickly obtained the friendship and respect of those 
who were privileged to be associated with him. His untimely death 
during the years of greatest productivity is a distinct loss to the Medical 
Corps. 

In 1913, he married Miss Therese Franz of Knoxville, who with 
their daughter, Jane Gordon McNabb, aged 17 , survives him. 


V. H. Cornell. 



Abstracts from Current Literature 


Experimental Pathology and Pathologic Physiology 

Complete Heart-Block in Hyperthyroidism Following Acute Infec- 
tions. Austin C. Davis and Harry L. Sshth, Am, Heart J. 9:81, 1933. 

Six cases of exophthalmic goiter in which complete auriculoventricular dissocia- 
tion occurred were observed. Three of the patients had had acute tonsillitis shortly 
preceding the arrhythmia, and one patient had had scarlet fever. In the one fatal 
case, there was an inflammatory lesion in the region of the bundle of His, in 
which were gram-positive cocci. In the two cases in which the heart block was 
not associated with acute infection, the block may have been precipitated by the 
effect of digitalis on a previously injured auriculoventricular bundle. In those cases 
in which acute infection was present, the evidence indicates that the hj’perthj'roidism 
predisposed the patient to the development of acute infection and also to secondary 
myocardial involvement. From Authors’ Summary. 

Lymphatic Leukemia Following Benzol Poisoning. Ernest H. Falconer, 
Am. J. M. Sc. 186:353, 1933. 

A case of benzene poisoning is presented in which the patient recovered for a 
time, showing a lower level of blood cell production, which gradually passed into 
true lymphatic leukemia (verified at autopsy) with a fatal termination. Instances 
are drawn from the literature suggesting that benzene, like other agents destructive 
of hemopoietic tissue, may upset the balance of an orderly production and destruc- 
tion of blood cells, bringing about a tissue environment favorable to the production 
of lymphatic leukemia. Attention is directed to the direct division of the nucleus 
in many lymphatic cells in the blood stream and in Ij'mphatic tissue cells in lymph 
nodes and bone marrow. Author’s Summary. 

Posterior Pituitary Activity from an Anatomical Standpoint. Harvey 
Cushing, Am. J. Path. 9:539, 1933. 

In all the recent attention to the pituitary body and its functions, the posterior 
lobe has been much neglected because of the greater temporary interest in the 
hormones of the pars anterior and the newly discovered activities of the interbrain. 
It nevertheless has an active principle or principles capable among other properties 
(1) of raising the blood pressure, (2) of contracting smooth ynuscle, (3) of causing 
hyperglycemia, (4) of expanding cutaneous melanophores and (5) of diminishing 
renal secretion. Its secretory product is unmistakably derived from the investing 
pars intermedia, the cells of which become basophilic when ripened. Doubtless, 
under nervous impulses from hypothalamic nuclei, these cells, by a form of holo- 
crine secretion, ^are cast off, invade the pars nervosa and become transformed into 
hyaline bodies,” which, as Herring first showed in lower animals, make their way 
through the loose neural spaces of the pars nervosa in the direction of the 
infundibular cavity. They may, in favorable preparations from the cat and dog, 
even be seen to^ extrude themselves into the ventricle between the ependymal cells. 
In certain conditions of disease characterized notably by hypertension, but also by 
other symptoms suggestive of known physiologic effects of posterior lobe extracts, 
me. normal cellular activity of the pars intermedia becomes greatly exaggerated. 
This IS shown by a marked hyperplasia of the basophilic elements that penetrate 
far into the lobe. Under these circumstances, not only is the visible secretory- 
product (hyalin) greatly increased in amount over what is customarily seen in 
supposedly normal glands, but the cuticular ependyma of the lower third ventricle 
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has a highly broken up appearance. An extreme’ degree of cellular hyperactivation 
of the posterior lobe was first observed in the pituitary body in a fatal case of 
what is known as pituitar 3 '- basophilism associated with a basophilic adenoma of 
the pars distalis. Since then, a similar condition has also been found in cases 
of eclampsia and of so-called essential hypertension. In both of these states, there 
has been found in the blood stream a substance indistinguishable in its effects 
from posterior lobe extract, but not detectable in the blood under normal condi- 
tions. The conclusion is drawn that the infiltrative basophilia of the pars nervosa 
is an expression of functional hyperactivation of the posterior lobe and may be 
taken to represent the pathologic basis of these hypertensive disorders. Wiat 
particular form of neurohumoral stimulus primarily incites the neurohypophyseal 
basophilia remains to be determined. Author's Summary. 


Phosphorus and Alcoholic Cirrhosis. F. B. Mallory, Am. J. Path. 9:557, 
1933. 

Verj" chronic poisoning with minute daily doses of yellow phosphorus produces, 
in five months or more, cirrhosis of the liver in rabbits and in guinea-pigs. The 
hepatic cells undergo degenerative changes similar to those found in alcoholic 
cirrhosis. They contain granules and h 3 ^aline networks (reticula) that are acidophilic 
and give the reaction for phosphates by the Macallum and Fiske-Subbarow tests. 
B 3 '^ a special method, it is possible to demonstrate free phosphorus when cast iron 
and tin plate are dissolved in dilute h 3 'drochloric acid. Phosphorus may get into 
alcohol and liquors through acid erosion of iron and tin plate vessels and containers 
and thus contaminate them and be the cause of alcoholic cirrhosis. 

Author’s Summary. 

Erythroleucoblastosis in the Newborn. R. C. Wanstrom, Am. J. Path. 
9:623, 1933. 

A case of fetal erythroleukoblastosis with ascites is reported, in which micro- 
scopic study revealed certain unusual features. In addition to marked hemato- 
poiesis in the liver, spleen, kidne 3 's, bone marrow, lymph nodes, thymus, diaphragm, 
pharynx, small intestine and pancreas, similar foci were found in the chorionic 
villi. In the lesser bile ducts and in some renal tubules numerous giant cells were 
found, apparently resulting from alterative changes in damaged epithelium. The 
generic relationship and probable intrinsic constitutional etiology of congenital 
hydrops, icterus gravis and fetal erythroleukoblastosis of the new-born are pointed 
out and suggestions made as to future investigations along these lines. 

Author's Summary. 

Effect of Testicular Extract on Experimental Tuberculosis in Rabbits. 
T. T. Walker and D. C. Hoffman, Am. J. Path. 9:651, 1933. 

When tubercle bacilli together with testicular extract are injected into the skin 
of rabbits, marked enhancement of the resulting lesions occurs. This enhancement 
takes place equally well with the human, bovine and avian strains. The practical 
application of this phenomenon in laborator 3 ^ diagnosis is worthy of consideration. 

Authors’ Conclusions. 

Blood Cholesterol in Experimental Thyroid Disease. J. J. Westra and 
M. M. Kutsde, Am. J. Physiol. 103:1, 1933. 

Artificially cretinized rabbits showed a cholesterol content of the blood greater 
than normal; after the feeding of desiccated thyroid, this was reduced— a phe- 
nomenon which does not alwa 3 's occur after a similar procedure in normal rabbits. 
No correlation could be established between these changes and the alterations of 
red cells and hemoglobin. H. E. Eggers. 
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Experimental Alopecia. 13. Barker Beeson and \V. J. Pickett, Arch. 

Dermat. & Syph. 28:53, 1933. 

The sympathetic ganglion of the second cervical nerve was removed bilaterally 
in twentj'-one cats. Seventeen of them survived, and six of the survivors showed 
postoperative alopecia, which appeared from the fourth to the fortieth day. The 
loss of hair attained its maximum in several weeks and then remained stationary 
for one or two weeks, after which the hair reappeared, becoming normal in from 
one to two and one-half months. Histologically atrophy and disappearance of 
hairs, hair follicles and sebaceous glands were noted. The subdermal connective 
tissue was thickened. These histologic changes are similar to those found in 
alopecia areata in human beings. \V_ Becker. 


Eepect on the Reelexes of the Carotid Sinus or Raising the Intil\- 
CRANiAL Pressure. C. 1^1. Guernsey, S. A. Weisman and F. H. Scott, 
Arch. Int. Med. 52:306, 193.3. 

The rise of arterial pressure following an increase of intracranial pressure is, 
in dogs and rabbits, of central origin, as Cushing thought, and docs not start in 
the carotid sinus. In the authors’ experiments, the carotid sinus was always found 
to act as a depressor zone, tending to keep the pressure down even when the nerr^e 
centers needed blood. Following denervation of the sinus, increased intracranial 
pressure caused a more prompt and greater rise of arterial pressure. The differ- 
ences before and after denervation were not great, and this was true in rabbits 
in which the influences of the aortic depressors also were removed. 

Authors’ Summary. 

Gall Bladder Epithelium as an Osteogenic Stimulus and the Physio- 
logical DirrERENTiATiON OF CONNECTIVE TISSUE. C. B. HuGGiNS and 
J. F. Sammet, J. Exper. Med. 58:393, 1933. 

Evidence is presented that the proliferating epithelium of the gallbladder in the 
dog and guinea-pig is capable of stimulating the formation of bone in certain 
connective tissues such as the abdominal wall. Other areas of connective tissue 
such as the subepithelial connective tissue of the glallbladder and the urinary 
bladder do not share in this reaction and resist the osteogenic stimulus of the 
epithelium. In these circumstances, this formation of bone is biphasic. A difference 
between connective tissues morphologically identical can be proved physiologically 
by their response to the osteogenic stimulus of appropriate epithelia. Microliths 
of calcium carbonate occurred in the mucus of the occluded gallbladder in w^hich 
there was transplanted connective tissue forming part of the wall. 

Authors’ Summary. 

The Races That Constitute the Group of Co.mmon Fibroblasts. R. C. 

Parker, J. Exper. Med. 58:401, 1933. 

Races of fibroblasts that are functionally distinct have been isolated from the 
various tissues and organs of a single chick embryo. Functionally distinct races 
of fibroblasts have also been isolated from corresponding parts of embryos of 
different ages. Under the conditions of the experiments, and for the particular 
races of fibroblasts that have been studied, it has not been possible to demonstrate 
a gradual decrease, or a gradual increase, in the rate of multiplication of fibroblasts 
obtained from corresponding parts of embryos of gradually increasing ages. 
Experiments made on strains of fibroblasts derived from the mesonephron and 
rnetanephron of a 16 day chick embryo have indicated that the rate of multiplica- 
tion of these cells in a given medium reflects the physiologic state, at the moment 
of isolation, of the particular part of the embryo from which they are obtained. 
The rate of multiplication of a given race of fibroblasts in a particular medium 
does not serve, necessarily, as an index of the age of the individual from which 
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the race is derived. The functional differences that distinguish the various races 
of fibroblasts are permanent; they are retained indefinitely by the cells from 
passage to passage, despite such attempts as have thus far been made to change 

Authors’ Summary. 


Synergic Hypophyseal Factor and Prolan Like Substances. H. M. 
Evans, M. E. Simpson and P. R. Austin, J. Exper. Med. 58:545 and 561, 
1933. 

The hypophyseal substance — the synergic factor — which gives increased gonado- 
tropic effects when combined with prolan, has been shown itself to possess a definite 
though slight gonadotropic activity. It produces transitory follicular enlargement 
within from twenty-four to forty-eight hours, which, however, regresses at once 
on cessation of treatment, so that by the end of the fourth day the ovary again 
approximates its infantile weight. The synergic principle indeed provokes only 
moderate ovarian development when administered in one hundred times the dose 
necessary to demonstrate the phenomenon of activation. By means of iso-electric 
precipitation or by means of tryptic and ereptic digestion, fractions containing the 
synergic principle were freed of many contaminants, in particular of the antago- 
nistic factor. The synergic principle has been shown to be unaffected by digestion 
with trypsin or with trypsin followed by a short digestion with erepsin, but the action 
of pepsin inactivated the material. A preparation of the active substance has been 
obtained which is potent in a total dose of 27 micrograms. 

The phenomenon of synergism has made possible the recognition of substances 
which the authors have called "prolan-like” in a wide variety of conditions. Indeed, 
it has been possible to demonstrate a prolan-like material in the urine of normal 
men. The method has shown a wide distribution of prolan-like substances in serums 
and urines of nonprimates without demonstrating, however, a significant difference 
in the reactions secured from pregnant, as contrasted with nonpregnant, states, or 
in males as contrasted with females. The phenomenon of synergism witli the 
prolan of pregnancy can also be shown in the increased development of the seminal 
vesicles of immature male rats. However, such males cannot be advantageously 
employed in the detection of prolan-like gonadotropic substances occurring in the 
blood and urine in conditions other than pregnancy, for the prolan-like substances 
usuall}’^ do not effect appreciable development of the seminal vesicles. 

Authors’ Summaries. 

Concentration of the Gonadotropic Hormone in Pregnant Mare’s Seruji. 
H. M. Evans, E. L. Gustus and M. E. Simpson, J. Exper. Med. 58:569, 
1933. 

The gonadotropic hormone of the blood of the pregnant mare has been greatly 
concentrated by adsorption on active aluminum hydroxide followed by elution. 
The preparations so obtained gave demonstrable gonadotropic effects within one 
hundred hours in 21 day old female mice following three subcutaneous injections 
of 0.001 mg. in 1 cc. of phj'siologic solution of sodium chloride. As is well known, 
other gonadotropic substances do not cause conspicuous development of the male 
gonads, but injections of comparatively large doses of these preparations into 
immature male rats caused marked development of the testes, which in ten days 
were trebled in weight. An astonishing increase in the weight of the seminal 
vesicles resulted, for these organs were approximately seventy-five times heavier 
than in controls. Authors’ Summary. 


Cultivation of Monocytes in Fluid Medium. L. E. Baker, J. Exper. Med. 
58:575, 1933. 

I^Ionocytes from blood and from spleen have been cultivated in fluid medium 
in Carrel "flasks for over two months. Diluted serum supplied all the essential 
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nutritive substances. Cultivation in fluid was made possible by adjusting the initial 
pa of the fluid to 7.4, and not allowing it to fall below 7 or 6.8. The cells remained 
in good condition when the pa was adjusted with lactic acid, hydrochloric acid 
or carbon dioxide. Adjustment with carbon dioxide was found to be more convenient 
and also more practical, since it does not destroy the buffer action of the medium. 
After two months of cultivation, the monocytes were in excellent condition and 
still proliferated actively. They gave every indication that indefinite multiplication 
could be maintained under the conditions of these experiments. It is hoped that 
this method of cultivation, with some modifications, will prove useful in studying 
the metabolism of these cells. Author’s SusrxfARV. 

Production in Dogs of Chronic Bl.\ck Tongue with Anemia. C. P. 

Rhoads and D. K. Miller, J. Exper. Med. 58:585, 1933. 

By the feeding of a particular diet, apparently lacking a substance closely asso- 
ciated with vitamin Bj G, a chronic disease may be produced irregularly in dogs. 
The disease is characterized by atrophic glossitis, diarrhea, loss of weight and 
anemia. The disease can be prevented and relieved by materials rich in vitamin 

Authors’ Summary and Conclusions. 

Methods and Effects of Increasing the Urinary Constituent's in the 

Body. F. W. Hartman, J. Exper. Med. 58:649, 1933. 

Five methods for the production of slow, continued rcabsorption of urine in 
the experimental animal are presented. The effects of this prolonged rcabsorption 
of urinary constituents on the blood chemistry and tissues are shown with special 
reference to the kidney. Large and rapid increase of urinary constituents in the 
body is definitely destructive to the kidney. The degenerative changes found in 
the experimental animal in the protected pole of the kidney showing nephritis 
produced by roentgen rays and in man in the unscarred portions of the kidney 
showing chronic nephritis account for the progressive nature and final renal insuffi- 
ciency of these conditions and are best ascribed to the high levels of excretory prod- 
ucts in the body. Author’s Conclusio.ns. 

The Relative Response to Blood Gains and Blood Losses. M. Dick, 

J. Exper. Aled. 58:707, 1933. 

The effects of gradually increasing or diminishing the amount of circulating 
hemoglobin have been studied in rabbits. Contrary to expectation, it was found 
that when the pigment was increased by the injection of a small quantity of com- 
patible blood every day during a number of weeks, the erythropoietic tissue did 
not lessen its activities. The percentage of hemoglobin mounted gradually yet 
considerably, even when as little as one hundredth of the amount of blood initially 
possessed by the animal was injected each day; and the figure it finally attained 
must in some instances, at least, have been expressive of a superabundance. To 
this superabundance the animal itself evidently contributed through its persisting 
erythropoietic activity. The results were very different when rabbits were bled 
daily, the same small amount of blood being lost that was injected into their fellows. 
The marrow became abnormally active, and this activity continued undiminished 
throughout the long period of the bleedings. The organism is evidently far more 
susceptible to loss than to gain of blood, a fact which is scarcely surprising when 
one considers that throughout its differentiation, it has had to cope with exigencies 
of the first sort only. Rabbits in which the hemoglobin is gradually increased by 
the injection of strange blood become so accustomed to the abundance of pigment 
that even a slight decrease in amount causes the erythropoietic tissue to become 
abnormally active to maintain the new status quo. Good reasons exist for referring 
the habituation thus manifested to readjustments in the functioning of the physic^ 
logic mechanisms which mediate between the demand for oxygen and the erythro- 
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poietic_ response. Too little recognition has been given to the role of these mecha- 
nisms in such a relation. No evidence was obtained of anj’^ effective readjustment 
to protect the er 3 'thropoietic tissue from the stimulus of dailj' small loss of blood. 

Author’s Summ.^ry. 

Failure of Administration of Iron to Cause Haemochromatosis. C. 
PoLSON, Brit. J. Exper. Path. 14:73, 1933. 

The iron content of the liver of thirty-six adult rabbits was maintained at a 
high level for from one to four years. The terminal level in ten rabbits under 
experiment from three to four years ranged from 3.42 to 7.67. and averaged 5.19 
per cent by dry weight. Cirrhosis of the liver and pancreatic damage were absent 
from all. It is therefore shown that excess of iron in the body over long periods 
caused neither cirrhosis of the liver nor hemochromatosis in rabbits, and it is 
unlikely that excess of iron is responsible for the hepatic and pancreatic lesions 
of human hemochromatosis. Author’s Summary. 

The Cortical Lipoid of the Mouse Suprarenal After Unilateral 
Suprarenalectomy. Raymond Whitehead, Brit. J. Exper. Path. 14:149, 
1933. 

The relative amounts of sudanophil cortical lipoid in both suprarenals of 137 
unilaterally suprarenalectomized male white mice have been estimated. Right 
suprarenals removed at intervals of from three to fifty-six days after removal of 
the corresponding left glands showed a decrease in the amount of lipoid. The 
proportion of right glands with decreased lipoid rose to a maximum of 68 per cent 
at fourteen days after removal of the left glands, and gradually fell to 17 per cent 
at fifty-six days. Some right glands showed increased lipoid from twenty-one to 
fifty-six days Mter removal of the left glands. Control laparotomies on twenty-four 
mice demonstrated that the lipoid changes were not due to the surgical technic. 
The results indicate that the amount of lipoid in depleted right glands in time 
attains or exceeds its original value. Histologic tj'pes of lipoid change are 
described and illustrated. Lipoid changes as sources of error are discussed. No 
evidence of cortical hypertrophy in twenty-nine right glands removed fifty-six days 
after removal of the left was obtained. Author’s Summary. 

Renal Lesions in Hypervitaminosis D. J. Gough, J. B. Duguid and D. R. 
Davies, Brit. J. Exper. Path. 14:137, 1933. 

The occurrence of calcification and parenchymatous degeneration (“nephrosis”) 
in the rat’s kidnej" in hypervitaminosis D was investigated. The two lesions, 
which frequently coexist, were found to be largely independent of one another. 
Calcification went parallel with a high renal excretion of calcium. Nephrosis 
could not be clearly correlated with any of the urinary disturbances recorded, but 
seemed to be in a large measure dependent on the administration of sodium biphos- 
phate, U. S. P., with overdoses of vitamin D. The effects of large doses of the 
acid and alkaline orthophosphates, both with and without hypervitaminosis D 
(20,000 M.R.C. units of vitamin D substance daily), were compared. The urinary 
excretion of calcium and the deposition of calcium in the kidneys were found to 
be greatest when the alkaline phosphate was given, and especially when the vitamin 
D substance was added. The urinary excretion of phosphorus was greatest when 
the acid phosphate was given. The vitamin D substance had the effect of lower- 
ing it, both when the acid and when the alkaline salt was given. The amount of 
pliosphorus found post mortem in the kidney was greatest when the vitamin D 
substance had been given with the acid diet, and it was in these circumstances that 
the most severe nephrosis developed. The large accumulation of phosphorus in the 
kidney in the nephrotic rats was thought to be a mark of retention of phosphates 
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caused by the renal disease. The urinary excretions of calcium and phosphorus 
appeared to show a reciprocal relationship to one another, a relative elevation of 
the one being accompanied by a corresponding lowering of the other. 

Autiious’ Summary. 


Experimental Hypertension and the Arterial Lesions in the Rabbit. 

M. Kremrr, Samson Wright and R. W. Scarff, Brit. J. Exper. Path. 

14:281, 1933. 

The aortic and sinus nerves (buffer nerves) were extirpated in raliluts which 
then were allowed to survive for Fong periods. The changes in the blood pressure 
were recorded by the carotid loop method. Following unilateral denervation, there 
is an elevation of the blood pressure from the normal level (about 95 mm.) to 
about 115 mm. Following bilateral denervation, there is a persistent marked 
hypertension, the average blood pressure being 160 mm. Degenerative changes in 
the aorta and fibrosis of the heart may take place in a high proportion of cases 
following bilateral denervation. These changes are not observed in control animals 
or after unilateral operation. The mode of production of the lesions is uncertain, 
but they are not the invariable accompaniment of hypertension. 

Authors’ Summary. 


Pathologic Anatomy 

Exfoliative Dermatosis and Malignant Erythrodermia. Hamilton 
Montgomery, Arch. Dennat. & Syph. 27:253, 1933. 

Seventy-three cases of exfoliative dermatitis and sixteen cases of generalized 
erythrodermia were studied. Exfoliative dermatitis following psoriasis presents a 
histologic picture similar to that of psoriasis, differing only in the more marked 
intercellular edema. Exfoliative dermatitis following eczema presents a varying 
degree of spongiosis. Exfoliative dermatitis due to arsenical poisoning presents 
a picture often indistinguishable from that of the same condition following eczema. 
In exfoliative dermatitis as a part of the picture of lymphoblastoma (Hodgkin’s 
disease, leukemia, lymphosarcoma, mycosis fungoides) the amount of infiltrate in 
the cutis is larger, and the character differs, depending on the type of case. In 
mycosis fungoides the infiltration is limited to the upper portions of the dermis 
and is composed of a multiplicity of cell types, with pyknosis and karyorrhexis 
of the individual cells and a tendency toward clumping of many of the cells. The 
cells consist of eosinophils and polymorphonuclear leukocytes, fibroblasts, cells of 
the vessel v'alls and cells of the lymphocytic scries. In Hodgkin’s disease of the 
skin Dorothy Reed cells are found. In leukemia cutis there is dense infiltration 
with cells of the lymphocjdic series or of the myelocytic series. Lymphosarcoma 
differs from lymphatic leukemia only in the numerous mitotic figures. In more 
than half of the cases of lymphoblastoma it is impossible definitely to specify which 
type of lymphoblastoma will eventually develop. It still seems advisable to attempt 
classification of the lymphoblastoma group as separate but related entities. 

S. W. Becker. 

Mycosis Fungoides. Oliver S. Ormsby and Clark W. Finnerud, Arch. 

Dermat. & Syph. 27:631, 1933. 

The case of a woman, aged 32, who had the prefungoid stage of mycosis 
fungoides which terminated fatally is reported. Sections from various regions of 
the skin showed the characteristic polymorphous cellular infiltrate simulating a 
granuloma. A periaortic abdominal lymph gland showed a delicate fibrillar network 
containing lymphocytes, eosinophilic polymorphonuclear leukocytes, a few lymph 
channels and a very few larger cells with a large nucleus, sparse chromatin and 
an abundance of eosinophilic cytoplasm. The spleen showed lobule-like proliferation 
about the central arteries. The authors believe that the changes in the spleen 
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and probably those in the lymph glands were similar and analogous to those in 
the skin, the pathologic cells in these internal structures representing a hyperplasia 
apparently derived from the lymphoid cells and the reticulum. They believe that 
the histologic changes are inflammatory or progressive and not due to an infiltration 
of neoplastic tissue. They also believe that the preponderance of clinical and 
histologic evidence demands the continued recognition of mycosis fungoides as a 
disease sui generis. 


Pulmonary Embolism from Arsenicals Injected Intravenously. George 
C. Shivers, Arch. Dermat. & Syph. 27:9.01, 1933. 

A case is reported in which death resulted from a pulmonary embolism follow- 
ing the intravenous injection of 0.9 Gm. of neoarsphenamine as an initial dose. 
The author found that a low pn caused precipitation of arsphenamine, neoarsphen- 
amine, sulpharsphenamine and mersalyl in serum in vitro, and caused embolism 
when injected into rabbits. He found a surprisingly high number of low pa values 
in neoarsphenamine obtained in the open market. The author advises testing neo- 
arsphenamine by means of bromthymol blue, which has a sharp end-point at pa 7 
when combined with neoarsphenamine. g Becker 


Productive-Cicatricial Syphilitic Disease of the Pulmonary Artery. 

Howard T. Karsner, Arch. Int. Med. 51:367, 1933. 

Productive-cicatricial syphilitic disease of the pulmonary artery, i. e., of the 
Dohle-Heller type, is extremely uncommon, but occurs often enough to justify 
its consideration in clinical diagnosis. Eleven cases, anatomically proved by 
reasonably liberal interpretation, are now on record. Eight of these would be 
regarded as clearly established by the most exacting criteria. Gummatous types 
of lesion about equal the productive-cicatricial type in incidence, but this ratio may 
be changed as additional cases are reported. The proportion of productive- 
cicatricial to gummatous lesions is markedly higher in the aorta than in the pul- 
monary artery. All cases of productive-cicatricial lesions in the main stem of the 
pulmonary artery show local or diffuse dilatation of the vessel. Associated dis- 
ease of the smaller pulmonary arteries is by no means constant, but all cases have 
shown some degree of cardiac hypertrophy. Thrombosis is more frequently asso- 
ciated with productive-cicatricial lesions of the pulmonary artery than with the 
same lesions of the aorta. The anatomic character of the lesion, as it affects 
both the aorta and the pulmonary artery, is essentially the same, although it is 
probable that in tlie pulmonary artery the internal elastic lamina is more severely 
affected than in the aorta. Both the aorta and the pulmonary artery show produc- 
tive-cicatricial lesions in about half of the cases, but this does not of necessity mean 
that the disease in one vessel is an extension from the lesion in the other vessel. 
The disease affects the sexes about equally, and has been found at the age 
extremes of 28 and 58 years, with the maximum incidence in the sixth decade. 
It is associated with cardiac difficulties and ultimately congestive heart failure, 
and may exhibit a fairly characteristic roentgenogram. The most frequent murmur 
is a systolic murmur over the pulmonic area. Occlusion of a main branch of the 
pulmonary artery appears to have some relation to development and progress of 
pulmonary tuberculosis on the affected side. Author’s Summary. 


Hyperplastic Sclerosis of the Pulmonary Art^y and Arterioles. 
Martin J. Sokoloff and Harold L. Stewart, Arch. Int. Med. 51\W6, 

1933. 


A case of hyperplastic sclerosis of the pulmonary artery and arterioles is 
renorted As an etiologic factor syphilis was as well ruled out as possible. The 
history was not significant. The patient had no scars on the penis, and he had 
never 'had antisyphilitic treatment. The Wassermann and ICahn reactions of the 
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blood were negative. The patient’s wife had had five children and no miscarriages. 
All tlie children were living and healthy, and none showed any stigma of hereditary 
s\-philis. There were no suggestive clinical manifestations, and roentgen studies 
of tlie patient’s skeleton revealed no syphilitic lesions. After death no gross or 
microscopic evidences of the disease were found in the tissues. No spironemas 
could be demonstrated, although diligently searched for. In the sections of the 
pulmonary' artery and arterioles tliere were no newly formed capillaries, round 
cell infiltrations in tlie adventitia and media or proliferative endarteritis of the 
vasa r-asorum, characteristic of syphilitic arteritis. The associated factors of 
etiologic importance were a prior attack of influenzal pneumonia, increased epi- 
nephrine in the circulating blood, stimulation, probably reflexly, of the ner\'es 
supplying the pulmonary’ artery and astlima. The term “Ayerza’s disease” should 
not be used synonymously witli sclerosis of the pulmonary artery’, since the patho- 
logic process may be present for years before tlie complex of symptoms which 
Ayerza described make their appearance. Authors’ Summ.\RY. 


Palatal !Myocloxus. Walter Freemax, Arch. Neurol. & Psvehiat. 29:742, 
1933. 

Freeman describes two cases of rhythmic movements of the pharynx and soft 
palate which could be interrupted momentarily’ by phonation and which did not 
interfere with speecli. One patient was alcoholic, witli a blood pressure of 244 
systolic and 124 diastolic; the other one had marked arteriosclerosis. The patho- 
logic changes were numerous. The most interesting lesions were found in the 
central tegmental fasciculus and the homolateral olivary body ; tliere was “hyper- 
trophic” degeneration of the homolateral olivary body. q g H-\«six. 


.\lcoholic ExcErH.\LOP.s.THY. Lauretta Bexder and Paul Schilder, Arch. 

Neurol. & Psychiat. 29:990, 1933. 

The twenty -four cases of chronic alcoholism reported by Bender and Schilder 
represent a variety of syndromes, sucii as Korsakoff’s polyneuritic psychosis, 
delirium, cerebellar manifestations, acute catatonic states and otlier forms. Some 
of the cases have been studied morphologically. The authors concede that the 
term polioencephalitis, which means an inflammatory condition, is not justified by’ 
the type of the histologic changes, and tliat “alcoholic encephalopathy” is more 
suitable. The histologic changes described by them were considered constant — 
ependymitis and subependymal gliosis with a manifest if not exclusive involvement 
of the gray matter, especially around tlie A-entricles and at the base, including the 
mamillary bodies. Other striking changes were I’ascular — hy’peremia of tlie blood 
vessels, proliferation of the capillaries and occasionally hemorrhages. According 
to Bender and Schilder, the cause of the central nerve changes is in the spinal 
fluid, which is filled with toxins. r -r 


Diffuse Sclerosis with Preserved Myelix Islaxds. K. Lowexberg and 
T. S. Hill. Arch. Neurol. & Psychiat. 29:1232, 1933. 

_ The authors’ patient was a man, aged 54, who had been sick for eleven years 
with signs of lesion of the pyramidal tract, intention tremor of tlie upper extrem- 
ities, unsteady gait and mental deterioration, which was progressive. There was 
diffuse sclerosis, as seen in Scliilder’s disease, with numerous perivascular islands 
of preserved myelin, as described in Pelizaeus-'Merzbacher’s disease. There was 
also demyelinization of tlie optic thalamus and globus pallidus, while the medulla 
and pons were normal. The cerebellum was only slightly involved. As the case 
clinically was not one of Pelizaeus-ilerzbacher's disease, tlie authors classify it 
as a subdu-ision of diffuse sclerosis. r r 
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Morphologic Change in Fat Tissue Produced by Insulin in Malnutri- 
tion. H. Blotner, J. a. M. a. 100:1235, 1933. 

patient _ suffering from nondiabetic malnutrition had gained 21 pounds 

(9.5 Kg.) on insulin treatment, the depth of the subcutaneous fat of the abdomen 

had increased^ from 3 to 16 mm., and the average diameter of each fat cell from 

35 to /9.8 microns. Before the administration of insulin the fat cells appeared 

small with a thick wall. After the gain in weight, the fat cells became large and 

distended so that the walls looked like a thin membrane. There appeared to be 

an increase in the deposit of fat. -c- a , c. 

PROM Authors Summary. 


Congenital Heart Block. W. M. Yater, J. A. Lyon and P. E. McNabb 
J. A. M. A. 100:1831, 1933. 

A review of the literature reveals records of forty-four acceptable cases of 
congenital heart block, including the present report. Certain criteria have been 
applied in collecting these cases. In only five cases have necropsies been per- 
formed, and in only three of these have histologic studies of the conduction system 
been made._ A congenital defect of the bundle of His appears to be the cause of 
this condition in most cases. The most common clinical diagnosis is patent 
interventricular septum. In the case here reported, there was a defect in the 
interventricular septum with almost complete congenital absence of the bundle 
of His. The case is of great significance not only as a completely studied one of 
congenital heart block, but also as an example of the rarest form of inter- 
ventricular septal defect. Authors’ Summary. 


Lesions of the Nervous System in Rats on a Diet Low in Vitamin A. 

H. M. Zimmerman, J. Exper. Med. 57:215, 1933. 

Under the conditions of these experiments, which consisted essentially of main- 
taining rats on a ration adequate in all dietary essentials as far as is known except 
vitamin A, the following changes were produced in the nervous system : Degen- 
eration of the medullary sheaths of the brachial plexuses and sciatic nerves, and 
less often of the vagus nerves. Such lesions were not found in the optic nerves. 
Degeneration of the medullary sheaths of the sensory tracts on the periphery of 
the spinal cord and in the posterior columns. Much less frequentl}' similar lesions 
were found in both the crossed and the uncrossed pyramidal tracts. Changes of 
the same nature were found in the posterior nerve roots and less frequently in the 
anterior nerve roots of the spinal cord. Evidence was adduced to indicate that the 
changes in the sensory tracts of the spinal cord followed those in the posterior nerve 
roots. With the onset of muscular weakness and incoordination in these animals 
anatomic changes like those just described were found at necropsy, but they were not 
present for any appreciable period preceding the onset of these clinical signs. For a 
short but undetermined period following clinical signs of recovery from the nervous 
disease, marked lesions were still present in the nervous system at necropsy. These 
lesions in the nervous system were produced by a ration containing no cereals 
which might have contributed a “toxic” substance to account for the degeneration 
of the myelin sheaths. Neither does a deficiency in unsaturated fatty acids appear 
to have played a role in their development. Author’s Summary. 


The Subcutaneous Nodules in Rheumatic Fever and Rheu.matoid 
Arthritis. M. H. Dawson, J. Exper. Med. 57:845, 1933. 

A comparative study on the subcutaneous nodules in rheumatic fever and 
rheumatoid arthritis was presented as part of an investigation which has been 
conducted in this clinic on the relationship that exists between these two clinical 
entities It is believed that the present study has shown that these subcu- 
taneous nodules are highly characteristic of the two diseases and that they 
represent different phases of the same fundamental pathologic process. However. 
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it should be pointed out that the presence of closely related or even identical 
lesions in two separate clinical entities cannot be considered as valid evidence in 
support of the hypothesis that the two diseases are etiologically related. _ Compara- 
tive clinical ‘studies on the relationship of rheumatic fever and rheumatoid arthritis 
will be presented in a succeeding communication. These studies, as well as serologic 
investigations on the two diseases which have been reported elsewhere, lend further 
support to the conception that rheumatic fever and rheumatoid arthritis are 
intimately related and possibly different resi>onses of affected persons to the same 
etiologic agent. Author’s Summary. 


Oxycephaly in Man and Rabbit. H. S. N. Greene, J. Exper. IMed. 57:967, 
1933. 

Craniosynostosis and the pathologic complex with which it is associated in the 
rabbit are not identical with the abnormalities seen in man; but apparently the 
two sets of conditions have enough in common to warrant the conclusion that they 
probably have a common mode of origin. The evidence so far obtained shows 
that in the rabbit these conditions are hereditary. The factors for the production 
of the cranial abnormalities are widespread, but the occurrence of deformities is 
comparatively rare in a general animal population. Inbreeding and selective 
matings, however, tend to increase their frequenej', and also the frequencj' of 
other abnormalities with which they may be associated, either by chance or by 
close genetic relationship in the germ plasm. In this way, a pathologic complex is 
built up and perpetuated. So far as the cranial abnormalities are concerned, it 
seems now that oxjxephaly and related conditions are variations resulting from 
a displacement or division of primary ossification centers controlled by hereditary 


factors. 


Author’s Summary. 


The Lesions Caused by Certain Neurotonic Phenol Esters. R. D. Lillie 

and M. L. Smith, Nat. Inst. Health Bull., no. 160, 1932, p. 54. 

A study has been made of the lesions of the nervous system of cats produced 
by a group of phenol esters which give rise to characteristic neurologic symptoms 
after a latent interval of several daj's’ duration. 

The compounds producing such delajxd neurotoxic action in cats are triphenyl 
phosphate and triorthocresyl phosphite in addition to the previously described 
triorthocresyl phosphate. 

It is shown that the lesions produced in cats by triphenyl phosphate are mainly 
a degeneration of the nerve cells in the acute type of poisoning, and degeneration 
of the peripheral nerves in the subacute types of poisoning. 

The lesions produced by triorthocresyl phosphite are shown to consist of com- 
bined sj^stem^ degeneration involving ascending spinocerebellar tracts and descending 
mesencephalic-pontile-cerebellospinal tracts, in addition to the minor degeneration 
of the lower motor neuron which is characteristic of the action of triorthocresyl 
phosphate. . , _ 

Authors Summary. 

Bone Marrow in the Lungs. G. Dolfini, Pathologica 25:38, 1933. 

Normal marrow was found in the lumen of the pulmonary artery and its 
branches in a rabbit which died of tuberculosis. g Ha\m 


K. Rosenloecher, Arch. f. Gynak. 


Changes in the Pancreas in Pregnancy. 

151:567, 1932. 

In pregnancy the islands of Langerhans are increased in number and size. The 
epithelial cells of the pancreatic parenchyma also are changed, with an increase 
in the zymogen granules. 



418 


ARCHIVES OF PATHOLOGY 


Polypoid Growth of Cervical Glands in the Vagina During Pregnancy. 
Hans Zacherl, Arch. f. Gynak. 153:224, 1933. 

In a woman ten weeks pregnant, the vagina presented a peculiar polypoid 
appearance owing to a growth in the wall of the cervical glands, which was thought 
to have originated in embryonic remains of epithelium from Muller’s duct. 

Jacob Klein. 

Lesions in the Pulmonary Artery in Rheumatism. Hermann Chiari, 
Beitr. z. path. Anat. u. z. allg. Path. 88:1, 1932. 

Autopsy revealed in the pulmonary artery mucoid degeneration and swelling 
of the fibrous stroma, leading in some cases to necrosis of the muscular tissue 
but never to degeneration of the elastic lamellae. Besides these nonspecific changes 
focal cell proliferations and infiltrations of the media with large cells were noticed. 
Chiari regards these cell infiltrations, which were mostly grouped around the vasa 
vasorum, as specific rheumatic lesions. In these areas the elastic fibrils were torn 
or completely degenerated. These histologic changes explain the relative pul- 
monary insufficiency from which these patients suffer during life. 

, C. Alexander Hellwig. 

Histologic Changes in the Blood Vessels in Allergic Conditions and 
Their Relationship to Periarteritis Nodosa. Walter Metz, Beitr. 
z. path. Anat. u. z. allg. Path. 88:17, 1932. 

In white rats, the histologic picture of periarteritis nodosa was produced by 
repeated injections of hemolytic streptococci. The same lesions followed injection 
of beef serum. Periarteritis is therefore regarded as not always due to bacteremia 
and local immune reactions, but possibly caused also by proteins. The experiments 
indicate that the primary xause of periarteritis* nodosa is a peculiar reaction of 
the endothelial cells. The histologic changes in the blood vessels of some of the 
animals resembled rheumatic lesions. C. Alexander Hellwig. 

Mucous Granulomas in the Salivary Glands and in the Mucosa of the 
Stomach. H. Hamperl, Beitr. z. path. Anat. u. z. allg. Path. 88:193, 1932. 

Mucus is often found in the stroma of the salivary glands and in the mucosa 
of the pyloric portion of the stomach. These deposits of mucus outside of the 
lumens of the glands are seldom due to inflammatory destruction of the glands. 
The most common cause is a* traumatic rupture of dilated mucous glands; Around 
these masses, a peculiar granulation tissue forms which encapsulates and finally 
resorbs the mucus. q Alexander Hellwig. 

Morphologic Changes in the Hematopoietic Organs Following Acute 
Loss of Blood. Oscar Lewin, Beitr. z. path. Anat. u. z. allg. Path. 88:349, 
1932. 

Rabbits were killed after bleeding at periods varying from five minutes- to 
twenty-four days. Two fifths of the total blood volume was removed. In contra- 
distinction to pernicious anemia, acute loss of blood is not followed by erythro- 
poiesis in other organs than the bone marrow. Only in the spleens of experimental 
animals was a moderate degree of blood formation noticed. There were no morpho- 
logic changes in the suprarenals, kidneys, lungs and thymus gland. In the liver, 
hypertrophy of the Kupffer cells was observed, and in the lymph glands, a marked 
proliferation of the reticulo-endothelial cells. Alexander Hellwig. 

Early Postmortem Changes of the Megakaryocytes in the Marrow of 
THE Rabbit. W. N. Margolin, Beitr. z. path. Anat. u. z. allg. Path. 88:362, 
1932. 

The cytology of the bone marrow of twenty-nine rabbits was studied before and 
after death. As early as one-half hour after death, pyknosis of the nuclei of the 



ABSTRACTS FROM CURRENT LITERATURE 


419 


megakan'ocytes could be demonstrated. The number of pyknotic cells increased with 
the° interval between death of the animal and examination. After from four to 
five hours, all megakaryocytes were pyknotic. At this time all the other cells of 
the bone marrow showed a normal structure. These findings indicate a marked 
labilitj' of tlie megakar 3 -ocj’tes. . q Alex.\xder Hellwig. 

Lipoid Substaxces of the Blood Plasma in Blood Vessels of Differext 

Organs. Maximillan Mandelstamm, Beitr. z. path. Anat. u. z. allg. Path. 

88:377, 1932. 

Sudanophil substances are frequently found in the blood plasma, especially in 
the brain. Of seventj’-four brains examined, fifty-five showed positive findings. 
The lipoid substances are also frequently present in the ovaries, thyroid gland, 
hypophysis and pancreas, while tlicy are less common in the kidneys and are excep- 
tional in otlier organs. The presence of sudanophil substances in certain organs 
cannot be explained on the basis of general abnormal conditions of the whole blood, 
but is most likely due to particularities in the circulation of the blood. The lipoid 
substances are most frequently found in the blood vessels that contain exclusivel}’, or 
almost exclusively, blood plasma. They were most abundant in the organs of patients 
with acute infections, causing disturbance of the peripheral circulation. 

C. Alexander Hellwig. 

Aseptic Inflammation After Blocking Locally the Reticulo-Endo- 

THELI.AL System. A. N. Tschistowitsch, Beitr. z. path. Anat. u. z. allg. 

Patli. 88:426, 1932. 

Trj'pan blue was injected into rabbits subcutaneously, three times within four 
days. On the fifth day, at the place of injection, a small piece of sponge was 
implanted under tlie skin. The foreign body, together with the surrounding tissue, 
was removed at different intervals and examined histologically. The histiocytes 
were laden with coarse particles of the intravital stain, and they were found in 
the region of tlie foreign body, but had not in\-aded the sponge. The histiocytes 
had apparenth* emigrated from the surrounding connective tissue and from blood 
vessels. There were no transitions recognizable between fibroblasts and histiocytes. 
The endothelial cells were without stain. If in such experiments India ink is used 
instead of trj-pan blue the stain is not so readily engulfed by the histiocj-tes. Large 
amounts of India ink were found free in the interstitial stroma. 

C. Alexander Hellwig. 

Histology and Etiology or Subacute Yellow Atrophy of the Liver in 

Children. R. Beneke, Beitr. z. patli. Anat. u. z. allg. Path. 88:338, 1932. 

The author gives a detailed microscopic description of the internal organs of a 
diild who died of severe jaundice. In the liver, there was almost complete necrosis 
of the parenchyma. Only a few fatty, degenerated liver cells were presen'ed. 
There was proliferation of the bile ducts and of the interlobular stroma. Chemical 
examination of tlie internal organs did not reveal any poison, and the history was 
not in favor of poisoning as the etiologic factor. The autlior hypothecates that the 
necrosis of the livd* was possibly caused by an intensive spasm of the hepatic artery. 

C. Alexander Hellwig. 

Lesions of the Pulmon.ary Artery Due to Syphilitic ^Iesaortitis. Julius 

F. Bdchaly, Beitr. z. path. Anat. u. z. allg. Patli. 89:1. 1932. 

In eighteen of the twenty-eight cases of siyihilitic mesaortitis,' the pulmonary 
arteiy- was compressed by aneur%-sm of the ascending branch of the aorta. Adhe- 
sions between the aneurj-sm and the pulmonaiy artery may produce pressure atrophy 
of the wall. In ten cases, tlie sj-philitic inflammation had spread from the aorta 
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to the pulmonary artery, involving also the media. Five cases showed a perfora- 
tion of the aorta into the pulmonary artery. The syphilitic inflammation may 
follow the ductus Botalli. ^ 

C. Alexander Hellwig. 


Diseases of the Lungs in the New-Born, Associated with the Aspiration 
89 ^^^932^^ Fluid. Franz Szlavik, Beitr. z. path. Anat. u. z. allg. Path. 

Aspirated amniotic fluid is commonly found in the lungs of the new-born. The 
anatomic findings following aspiration of the fluid depend on the chemical con- 
stituents and the amount of aspirated fluid, the duration of birth and the length 
of extra-uterine life. They consist in a more or less severe inflammation of the 
pulmonary tissue, which by itself, however, is never fatal, but heals as a rule 
within the first week. Aspiration of infected fluid was observed in a stillborn child, 
the mother having died of streptococcic metritis. Infection of the lungs in the 
new-born can be due to aspiration of vaginal secretion during birth, to aerogenous 
infection or to the aspiration of vomitus. It may lead to fatal lobular pneumonia. 
In one of the author’s cases the pneumococcus type IV was the infecting organism. 
Fetal atelectasis is recognized by the presence of myelin in the alveoli. It forms 
from degenerated alveolar epithelium. C. Alexander Hellwig. 

An Unusual Case of Chronic Foreign Body Pneumonia Caused by Grain 
Dust. Hilde Borger, Beitr. z. path. Anat. u, z. allg. Path. 89:135, 1932. 

A woman, aged 57, died after she had suffered for nine years from bronchitis 
and chronic pneumonia. She had contracted the disease while watching, for from 
two to three hours, the operation of a thrashing machine. At autopsy, both lungs 
showed marked carnification and scar formation, bronchiectasias and pleural adhe- 
sions. Many giant cells were found in the pulmonary tissue surrounding foreign 
bodies, giving the chemical reactions typical of cellulose. 

C. Alexander Hellwig. 

Osteosclerotic Pseudoleukemia. Charles Wolf, Beitr. z. path. Anat. u. 
z. allg. Path. 89:151, 1932. 

A case of osteosclerosis associated with myelogenous pseudoleukemia was studied 
macroscopically and microscopically at autopsy. The ribs, sternum, vertebrae and 
femur showed marked sclerosis of the medullary cavity. The sclerosis is only 
rarely the final stage of leukemia or pseudoleukemia, but is due to premature atrophy 
of the bone marrow and compensatory extra-osseous hematopoiesis in the spleen 
and liver. Since in osteosclerosis the formation of blood cells is active only in 
the liver and spleen, radiation treatment or splenectomy is contraindicated in 
pseudoleukemia when roentgen examination of the skeletal system reveals an 
association with osteosclerosis. Alexander Hellwig. 

The Germinal Centers of Fleming. A. V. Albertini, Beitr. z. path. Anat. 
u. z. allg. Path. 89:183, 1932. 

The effect of the x-rays, arsenic and lead on the lymph nodes was studied in 
guinea-pigs and white mice. Following irradiation, diffuse degeneration was noted 
in the lymphoid tissue of the primary nodules and in the germinal centers, while 
after arsenic and lead poisoning, only the cells of the germinal centers were 
destroyed. The lesions in the germinal centers following poisoning are e.xplained 
by the particular arrangement of the blood vessels in the lymph nodes. The 
regeneration of lymphocytes after irradiation is not limited to the germinal centers, 
but is more active in the primary nodules. Therefore, the theory of Flemming, 
who regards the germinal centers as hematopoietic organs, is not accepted. In 
the author’s opinion, the germinal centers serve as filters in which various poisons 
brought with the blood stream from other regions of the body are taken up. 

C. Alexander Hellwig. 
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Spontaneous Cerebral Hemorrhage. K. Wolff, Beitr. z. path. Anat. u. z. 

allg. Path. 89:249 and 487, 1932. 

The histologic changes in brain tissue and blood vessels after traumatic injuries 
of the brain were studied to form a basis of comparison with the findings by 
Westphal, Bar and Schwartz, who advocate the modern functional theory of 
apoplexy. In traumatic destruction of the brain, necrosis of the wall of the blood 
vessels was observed only in the regions of hemorrhage. Since these angionecroses 
develop several hours after the injury, they are apparently not the cause of spon- 
taneous hemorrhage, as Schwartz and others hypothecate. Proteolytic enzymes 
of leukocytes play an important role in these vascular changes; probably, also, 
ferments liberated from destr 03 'cd glia cells act on tbe wall of the vessel. Fat- 
laden phagocytes appeared not before thirty-six hours Stcr the injury. On the 
second day, proliferating spindle cells were found in capillaries, and the first col- 
lagenous fibers were demonstrated nine daj's after the accident. 

In three of seven brains in cases of fatal apoplexy, ruptured blood vessels were 
found in the center of the cerebral hemorrhage. The walls of the ruptured blood 
vessels showed hi'aline sclerosis and defects in the elastic layer. In one case in 
which all the ventricles were filled with blood a ruptured aneurysm was found. In 
the brains of elderly people, the arteries of the corpus striatum frequently show 
severe degeneration of the walls, and a rupture may easily occur when the blood 
pressure is suddenly increased. The author concludes that the classic doctrine of 
rupture of the blood vessels as a cause of spontaneous cerebral hemorrhage still 
holds, and that it is better based on facts than the modern theory of functional 
circulatory disturbances causing apoplexy. 0 Alexander Hellwig. 


Significance of Lesions of the Heart Muscle in Angina Pectoris. 

Franz Buchner, Beitr. z. path. Anat. u. z. allg. Path. 89:644, 1932. 

Large longitudinal sections of the hearts in ten cases of angina pectoris were 
made, the technic of Christellcr being used. In all of the cases in which death 
occurred shortly after a paroxysm, smaller or larger focal necroses were demon- 
strated in the muscle of the heart. These necroses were preeminently located in 
the inner layer of the wall of the left ventricle, involving also the papillary muscle 
and trabeculae. The size of these lesions increased with repeated attacks. Buchner 
concludes that ischemia and necrosis of the heart are responsible for the attack of 
pain. Coronary sclerosis and syphilis can produce angina pectoris without spasm 
of the blood vessels by interfering with dilatation of the coronary arteries during 
increased action of the heart. Alexander Hellwig. 


The Coronary Circulation and Angina Pectoris in Relation to 
Coronary Occlusion. W. Koch and L. C. Kong, Beitr. z. path. Anat. 
u. z. allg. Path. 90:21, 1932. 

The histopathology of coronary occlusion was studied by means of serial 
sections of the involved vessels. The results of such a study of seven selected cases 
are presented. ^ The Spalteholz method of cleared injection preparations was found 
useful in the investigation of the coronary circulation in disease of the coronary 
arteries. Twenty-nine hearts of persons who had had anginal attacks form the 
basis of an attempt to correlate coronary arterial disease with angina pectoris. 
Coronary^ stenosis and occlusion may be due to atheroma, fibrous thickening or 
thrombosis. The three processes are often combined, but the predominance of one 
or the other process may yield information relative to the duration and character 
of myocardial changes. Soft atheroma is the most common cause- of occlusion, and 
may occur suddenly as the result of acute degeneration and swelling of an 
atheromatous nodule. Calcifying senile atherosclerosis has relatively little harmful 
effect on the muscle of the heart. Although the occurrence of syphilitic disease of 
the coronary arterial system is admitted, syphilis is of importance chiefly because 
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it leads to stenosis of the mouth of the coronary artery as a part of syphilitic 
involvement of the root of the aorta. The effects of occlusion depend on the col- 
lateral circulation that is developed in association with coronary disease. Anasto- 
moses are richest between the right coronary artery and the circumflex branch 
of the left. The descending branch of the left coronary artery has fewest 
anastomoses, except at its terminal portion, where it unites with the right coronary 
artery on the posterior surface of the apex of the heart. Infarction occurs most 
often, therefore, in the territory of distribution of the left descending artery, but 
is of least functional significance here. Occlusion occurs most often in the proximal 
portion of the left descending artery and in the distal portions of the circumflex 
and right descending arteries. In cases with a history of angina pectoris, infarction 
was a prominent feature, and usually two main %’^essels were stenosed or occluded. 
Stenosis of one vessel with an inadequate collateral circulation through another 
main branch usually leads to acute cardiac insufficienc}'- rather than to anginal 
attacks. Syphilitic stenosis of the mouth of a coronary artery is a gradual process, 
which usually permits the development of an adequate collateral circulation; 
hence infarction is rare. Since the circulation in such cases is through a single 
coronary artery, sudden death or anginal attacks may occur as the result of 
myocardial ischemia if excessive demands are made on the coronary circulation. 

O. T. Schultz. 

Histology of the Gastric Mucosa and Acute Erosions. ■ H. Hamperl, 
Beitr. z. path. Anat. u. z. allg. Path. 90:85, 1932. 

This is a systematic study of the human gastric mucosa undertaken for the 
purpose of evaluating changes that are frequently seen and of determining whether 
such changes are inflammatory. Stomachs obtained within six hours after death 
were examined. A strip of mucosa 1 cm. wide, taken along the lesser curvature 
of the fixed stomach from the cardia to the pylorus, was rolled into a spiral, 
embedded and sectioned. Two other strips were taken at right angles to this, one 
across the fundus, the other across the antrum. Great reliance was placed on the 
oxidase stain for detecting the presence of leukocytes. A modification of Graeff’s 
oxidase method is given for the selective staining of eosinophilic leukocytes. 
Eosinophilic and neutrophilic leukoc 3 des were found so constantly in the mucosa as 
to be physiologic or normal. These cells migrate through the mucosa and were 
seen in the mucus covering the surface of the epithelium. Only when the presence 
of such cells is associated with changes in the surface and gland epithelium is it 
proper to speak of inflammation. Inflammation, or true acute gastritis, usually 
leads to the formation of minute erosions. In these erosions the surface epithelium 
is injured and then attacked by the gastric juice. Beneath this superficial zone 
of necrosis is a second zone of fibrinoid necrosis, and beneath this a zone of 
leukocytic infiltration in which leukocytes are more numerous than in the normal 
gastric mucosa. The accumulation of leukocytes is held to be secondary to the 
necrosis of the more superficial tissue. q Schultz. 


Microbiology and Parasitology 

Determination of Tubercle Bacillemia by Lowhnstein’s Method. Joseph 
S cHRAMEK, Beitr. z. Klin. d. Tuberk. 82:606, 1933. 

Apparently tubercle bacillemia is an infrequent occurrence in tuberculosis, for 
in only 2 of 322 cases of pulmonary tuberculosis in which 522 blood cultures were 
performed was it possible to demonstrate tubercle bacilli. In none with extra- 
pulmonar 3 - complications were they found. Nevertheless, experiments proved that 
Lowenstein’s method is trustworthy in revealing the presence of tubercle bacilli 
in blood. Aaron Edwin Margulis. 
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Experimental Reinfection of Guinea-Pigs with the Virus of Spotted 
Fever. Kensaburo Takahashx and Soto Hoshizaki, Zentralbl. f. Bakt. 
(Abt. 1) 121:39, 1931. 

Forty-si.x guinea-pigs were reinfected with the virus of spotted fever at intervals 
of from one to one hundred and twenty-seven days after they had become 
free from the fever produced by the first infection. Ten showed symptoms (fever 
and loss of weight), but the period of incubation was prolonged as compared with 
the first infection, while the febrile period was irregular and shortened. 

Paul R. Cannon. 


Experimental Studies of Syphilis of the Central Xervous System. 

T, Tani, K. Saito and H. Funada, Zentralbl. f, Bakt. (Abt. 1) 123:219, 1932. 

Rabbits (thirtj-) were infected intratesticularly, subscrotally or suboccipitally 
with syphilitic material (passage strain “VII I”) and were treated with neoarsphen- 
amine intravenously from thirty-five to five hundred and thirty -nine days after infec- 
tion. Keratitis developed in five animals, whereas the others remained S 3 -mptomless. 
A negative Wassermann reaction in the scrums of eight animals became 
positive but that of the spinal fluids remained negative. Spirochetes were regularly 
demonstrable in the blood until after the third injection of ncoarsphenamine, but 
could not be found in the spinal fluid at any time. Spirochetes were demonstrated 
in the blood, spleen, testes and lymph nodes of all but one of seven rabbits thus 
examined which had been infected for an average period of si.x hundred and sixty- 
five days and had had from eight to nine injections of ncoarsphenamine. Spiro- 
chetes were found in the brain in only one of the six rabbits whose brains w'cre 
examined. 

Fourteen rabbits infected intratesticularly or suboccipitally were treated with 
ncoarsphenamine and were then inoculated suboccipitally on several occasions with 
homologous or heterologous strains of syphilitic virus. Four normal untreated 
rabbits were inoculated similarly. Keratitis or orchitis developed in the latter, 
w'hereas the previously' infected and treated animals showed no symptoms. The 
negative Wassermann reaction of the blood serum became positive in three of the 
four normal rabbits and in three of the fourteen previously' infected and treated 
ones. Spirochetes were demonstrable in the blood of the control animals after the 


second injection, but could not be found in the treated animals until after the 
fourth injection. They were not demonstrable in the spinal fluid in either group. 
Neither could spirochetes be found in the brains of the rabbits from either group. 
The authors conclude that the rabbits previously infected and treated W'ith 


ncoarsphenamine showed a definite acquired immunity', although this could be over- 
come by repeated superinfections. The authors believe that the immunity of the 
central nervous system to syphilis is unusually' high in the rabbit, but they' cannot 
explain this resistance. Cannon. 


Source of the Guarnieri Bodies. E, Paschen, Zentralbl. f. Bakt. (Abt. 1) 
124:89, 1932. 

The author gives opinions as to the source and nature of the Guarnieri bodies 
in the ^ skin and ey'c. He believes that many' of the cell inclusions are simply 
pyknotic nuclear fragments, nucleoli and chromatin masses from degenerating 
leukocytes, but that the bodies which actually contain the virus are very small 
elements immediately around the nucleus in cells at the site of inoculation. 

Paul R. Cannon. 

Morphologic Demonstration of the Sm<\llpox Virus in Tissue Culture. 
E. G. Nauck and E. Paschen, Zentralbl. f. Bakt. (Abt. 1) 124:91, 1932. 

The authors injected vaccine virus into rabbits’ testicles and subjected the latter 
to tissue culture. They observed a direct correlation between the numbers of 
Paschen bodies and the virulence of the cultures. These bodies persisted through 
thirty-h%'e passages in tissue culture, and in some instances yielded positive results 
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ill the skin of rabbits in a dilution of 1 : 100,000 of the original culture. The authors 

conclude that these so-called elementary bodies described by Paschen are the 

carriers of the virus. „ f, ^ 

Paul R. Cannon. 


Effects of Inhalation of Eucalyptol on Tuberculous Guinea-Pigs 
Infected Intratracheally. T. H. Amako, Zentralbl. f. Bakt. (Abt. I") 124: 
95, 1932. 

Guinea-pigs were infected intratracheally with tubercle bacilli and were sub- 
jected in enclosed cages to treatment by inhalation of eucalyptol until the death 
of the animals. This treatment had no appreciable effect on the length of life of 
the infected animals as compared with control animals similarly treated. 

Paul R. Cannon. 


Cultivation of the Virus of Spotted Fever. Ilchun Yu, Zentralbl. f. Bakt. 

(Abt. 1) 124:181, 1932. 

Passage virus derived originally from the blood of a patient with spotted fever 
was injected intraperitoneally into a guinea-pig, and the testes and tunica vaginalis 
were removed aseptically from twenty-four to forty-eight hours later, cut into small 
pieces and grown in tissue culture. The virus persisted for seventy days, through 
six generations, in vitro and was demonstrable both in the tissue and in the culture 
fluid itself. Rickettsial bodies were never found in the tissue culture except when 
embryonic extract, from embryos of guinea-pigs convalescing from a previous 
infection, was used. R. Cannon. 


Immunology 

Group-Specific Qualities in Saliva and Other Body Fluids and Demon- 
stration OF Two Types of Eliminj^tors of the Group-Specific 
Qualities. Hakaru Sasaki, Ztschr. f. Immunitatsforsch. u. exper. Therap. 
77:101, 1932. 

All persons can be divided into two groups : (a) those who eliminate the group 
qualities A, B or 0 in the saliva, gastric juice, milk or urine and (b) those who 
do not eliminate them. The ability to eliminate is constitutional and does not 
depend on the blood group. In persons of group A B the two factors always 
behave identically. The presence of the group qualities in the secreta was 
established by means of the inhibition of agglutination and hemolysis. The inhibi- 
tion of the specific anti-0 agglutination (in absorbed ox serums) is brought about 
by secretions of all four groups. The qualities M and N were not demonstrated 
in the saliva. There was no demonstrable relation between the presence in the 
saliva of the ferment which is able to destroy blood group qualities and the presence 
or absence of elimination of the group qualities. Davidsohn. 

Inheritance of Serologic Types of Eliminators of Group-Specific Sub- 
stances. F. ScHiFF and H. Sasaki, Ztschr. f. Immunitatsforsch. u. exper. 
Therap. 77:129, 1932. 

The authors made a study of 68 families with 215 children and 144 twins. Tlie 
eliminators of the qualities A, B and O in saliva were designated as S; those 
failing to eliminate as s. The S and s qualities are inherited as a mendelian pair 
and are fully developed in infants. The s quality was encountered more frequently 
in the O group than in the others. Davidsohn. 

Purification of Group Substance A of Human Red Blood Cells. 
F. Ottensooser, Ztschr. f. Immunitatsforsch. u. exper. Therap. 77 : 140, 1932. 

The group-specific substances are contained in the stroma and not in the hemo- 
globin. The inhibiting effect on an antisheep hemolysin produced by injection of 



ABSTRACTS FROM CURRENT LITERATURE 


425 


human red blood cells of group A, according to the procedure of Brahn and Schiff, 
was found the most sensitive reaction for the study of the substance A. The 
stroma containing the substance A contains no less of the group-specific substance 
tlian the red blood cells from which it was prepared. A method of preparation 
of stroma of high purity with only from 0.5 to 2.5 per cent of hemoglobin is 
described. Extracts prepared from stroma with a highly diluted sodium hydroxide 
solution contained a more active A substance thaii the original stroma, which 
indicates tliat the alkali had an activating effect. j Davidsohx. 

Production, Properties and Action or Concentr-vted Toxoid. C. Sieben- 
MANN, Ztschr. f. Immunitatsforsch. u. exper. Therap. 77 : 167, 1932. 

Acetic acid and barium sulphate were used for the precipitation. Only one of 
three horses gave a satisfactory antitoxin. All three horses showed various 
degrees of renal damage, and one of them eliminated diphtheria antitoxin in the 
urine. Rises in temperature were frequent. Siebenmann recommends the exclusion 
of horses with fever at the beginning of the treatment. There is no reason to 
recommend replacement of strong unconcentrated toxoid by the concentrated 
toxoid, but weak toxin can be made useful by concentration, j Dvvidsohn. 


Induction or Changes in the Specificity of Immune Serums by CitEMic.\E 
Tre.ytment. F. Breinl and F. Haurowitz, Ztschr. f. Immunitatsforscli. u. 
exper. Therap. 77:176, 1932. 

Horse immune serums against paratyphoid bacilli A and B and against dysenteiy 
Y and Flexner bacilli were treated according to Landsteiner’s method with 
atoxjd, aniline, metanilic acid, iodine, formaldehyde and sodium hydroxide. The 
serums were tested before and after treatment for the specific and group agglutinins, 
and also with an antihorse precipitating serum for species specificity. The anti- 
bodies were influenced in different degrees. Iodine destroyed agglutinins but was 
less harmful to precipitinogens; formaldehyde made the serums highly specific 
and left the precipitinogens more or less intact. The other procedures had a 
unifonnly destructive effect on the antibodies as well as on the species specificity. 
Diphtlieria antitoxin and tiqilius convalescent serum were uniformly damaged by 
all procedures. The conception that antibodies are proteins or that they are closely 
associated ivitli proteins is supported by a cliemical analysis of the experimental 
results. The aromatic groups of the protein molecule are no less important for 
tlie specificity of the antibody than they are for the antigen. 

I. D.widsohn. 


Inactivation of Complement with the Poison or the Sx.\ke Bothrops. 

Otto Bier, Ztschr. f. Immunitatsforsch. u. exper. Therap. 77:187. 1932. 

The poisons of the snakes Bothrops jararaca (Wied) and Bothrops atrox (L) 
destroyed the thermostable fourth component of complement. The time of inacti\*a- 
tion had to be strictly adhered to. The action on less diluted and on heated serum 
is different from the action of diluted ammonia, which is known to destroy the 
fourth component of complement. j d^vidsohn. 


The Floccul.vtion Time During the Immunization of Horses for Diph- 
THERi.i Antitoxin. A. J. van den Hoven v.\n Genderen and C. A. 
Kramers. Ztschr. f. Immunitatsforsch. u. exper. Therap. 77:280. 1932. 

Five horses were treated with diphtlieria anatoxin. The flocculation time 
became stationary' for many months after an initial rise. After a longer interval 
between injections, their renewal was in some cases followed by a shortening of 
rte flocculation time ; however, there was no quantitative relation between the new 
flocculation time and the rise of the antitoxin titer. Both the in vivo and the in 
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the former not infrequently had a tendency to drop 
below the atter in the course of the treatment. The in vivo titer had a tendency 
to sink lollowing a large venesection. 

I. Davidsohn. 

Natural Hemagglutinins in Snakes and Other Cold-Blooded Animals. 
A. DO Amaral and D. V. Klobusitzkv, Ztschr. f. Immunitatsforsch. u.' 
exper. Therap. 77:315, 1932. 

Eight species of snakes, two species of turtles and one species of lizards, as 
well as the horse, the sheep and the goat, were studied. No auto-agglutinins or 
iso-agglutinins were found in the plasma of the cold-blooded animals. The plasma 
of some of the snakes and of one turtle agglutinated occasionally the erythrocjdes 
of one of the lizards. The plasma and erythrocytes of the snakes and the horses 
did not act on each other. The erythrocytes of one of the species of turtles (Bufo 
marinus) were agglutinated by the plasma of the horses, and, in turn, their plasma 
agglutinated the erythrocytes of some horses. j 


The Specificity of Fibrin. Hans J. Fuchs, Ztschr. f. Immunitatsforsch. u. 
exper. Therap. 77:343, 1932. 

The precipitate obtained from serum with 2.5 per cent trichloracetic acid, fol- 
lowed by washing, possessed the same qualities as the purified fibrin which Fuchs 
employed previously as the reagent in his test for cancer. The test is based on the 
observations of Freund and Kaminer that normal serum dissolves carcinomatous 
cells and on those of Weinberg that the normal serum shows an increase of nonpro- 
tein nitrogen after such treatment. Fuchs demonstrated the presence of the tumor- 
specific substance in the fibrin and in the precipitate of the serum. On the basis of 
3,400 cases he found it to be tumor specific but not to permit the differentia- 
tion of various types of tumors and of their origin. The serum of patients with can- 
cer had no such effect on the tumor substance. Occasionally a decrease instead of 
an increase of the nonprotein nitrogen was noted in the mixture of serum of 
patients with cancer and fibrin or precipitate of such patients. This is, according 
to Fuchs, a sign of developing immunity. The fibrin and the precipitate contain 
immune bodies of the serum as well as antigenic substances. Antisheep hemolysin 
was similarly demonstrated in the serum precipitate of immunized rabbits. 

I. Davidsohn, 


Origin of Diphtheria Toxin. Richard Prigge, Ztschr. f. Immunitatsforsch. 
u. exper. Therap. 77:421, 1932. 

Dried, washed and pulverized diphtheria bacilli have the same toxic effect on 
guinea-pigs as toxin obtained from cultures. Their toxicity is destroyed by heating 
at 100 C. and by neutralization with antitoxin. While it was impossible to liberate 
toxin from the bacilli by means of high pressure, large quantities of the toxin 
were liberated by suspension in physiologic solution of sodium chloride. The yield 
of toxin decreased rapidly with repeated washings, but if the bacterial bodies ^yere 
left alone for a few days considerable quantities of toxin could again be obtained 
by washing with physiologic solution of sodium chloride. After repeated washings 
at proper intervals, the bacterial bodies were found to contain only traces of toxin. 
The ease with which the toxin passes from the bacterial body into the surrounding 
medium suggested to Prigge that it is a part of the bacterial body and that after 
the death of the cell it is liberated gradually with progressive disintegration. 
Prigge checked and disproved the hypothesis of Dernby and Walbum that the 
diphtheria toxin is not produced in the bacteria but is a result of the action of 
enzymes, liberated from dead bacterial bodies, on albumoses and peptones of the 
medium. I. Davidsohn. 
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Stimulating Effect of Tapioca on the Production of Diphtheria Anti- . 

TOXIN. E. W. Skrotzky, Ztschr. f. Ifnmunitatsforsch. u. exper. Therap. 

77:443, 1932. 

The work was undertaken to check the contradictory reports concerning the 
effect of tapioca on immunologic response, first published by Ramon, The ability 
of tapioca to adsorb diphtheria toxin could not be observed in the animal experi- 
ment. Precipitation between toxin which was mixed with tapioca and antitoxin 
was distinctly more marked than tliat which occurred when the untreated toxin 
was used. The increase was assumed to be nonspecific. The local irritating effect 
of tapioca on the skin was rather mild; necrosis was not observed. The formation 
of a depot in the inoculated area and the increase of the antigenicity recommend 
the employment of tapioca as an admixture to diphtheria toxin. 

I. D.vvidsoiin. 


Group-Specific Differentiation of Placental Organs. Horst Reich, 
Ztschr. f. Immunitatsforsch. u. exper. Therap. 77:449, 1932. 

The decidua parietalis (vera) of mothers belonging to group A alwa 3 's con- 
tains the quality A, while the decidua basalis contains little of it. The amnion of 
children belonging to group A contains the quality A, but in varying amounts. 
The chorion frondosum in the cases of children of group A lacks the quality A. 
The quality A can be removed from the tissues by proper procedures. In a few 
cases in which the mother belonged to group 0 or B and the child to group A the 
quality A was found in the decidua parietalis. Reich explains that finding b}' 
imbibition from the amnion. The placenta proper is considered a zone of group 
neutrality. The discover}^ by Schiff and Weiler of a ferment in the placenta 
which is able to destroy the blood group-specific qualities may be the explanation. 

I. D.widsohn. 


Action of Fecal Extracts on Antigens. 1^1. Eisler, Ztschr. f. Immunitats- 
forsch. u, exper. Therap. 77:472, 1932. 

Extracts of human feces destroyed blood group-specific substances in human 
red blood cells and secretions and in Witte’s peptone. Such extracts did not affect 
precipitinogens of human and horse serum and of paratj’phoid bacilli and the Forss- 
man antigen of horse kidney. Fecal extracts of the sheep, dog and rat destroj^ed 
the substance A of Witte peptone, but the destructive effect of the feces of 
rabbits and goats was slight or absent. j D widsohn 


Some Qualities of the Thermostable Components of Complement. 

T. Misawa, Ztschr. f. Immunitatsforsch. u. exper. Therap. 77:477, 1932. 

The report of Gordon, Whitehead and Wormall concerning the presence of the 
third component in the globulin, and of the fourth in the albumin, fraction was 
confirmed in principle, although such clearcut separation was seen onlj^ occasionalb'. 
In most cases each component was predominantly associated with the corresponding 
fraction. The separation of the thermolabile midportion and end-portion is entirelj" 
independent of the separation of the thermostable fractions. The destruction 
of the third component by cobra poison does not take place if the complement 
was previously heated at 55 C., or if it was treated with hydrochloric acid in a 
hypertonic solution. The destruction of the fourth component hy ammonia is not 
affected by these procedures. Davidsohn. 


Anaphylaxis and Immunity. S. Metalnikov, Ztschr. f. Immunitatsforsch. u. 
exper. Therap. 77:488, 1932. 

The defense reactions of immunity and the shock of anaphylactic hyper- 
sensitiveness are essentially identical phenomena of the hj'persensitive organism. 
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The hypersensitiveness is brought about by the first introduction of the antigen, 
and the different manifestations of the t\vo conditions are explained by the small 
quantity of the reintroduced antigen in the case of immunity reactions and by the 
excessive dose in the case of anaphylaxis. Caterpillars of Galleria melonella were 
inoculated with 0.1 cc. of a culture of Vibrio cholerae. After from twenty-four 
to forty-eight hours a reinjection of a minimum lethal dose had no bad effects, 
though control insects were killed within from fifteen to twenty-four hours. Cater- 
pillars similarly immunized were reinoculated with large doses of Vibrio cholerae. 
They became very ill wdthin from ten to fifteen minutes and died from two to 
three hours later. Normal caterpillars given similar large doses appeared normal 
in from two to three hours and died from eight to ten hours after the injection. 
An experiment yielding identical results was made with guinea-pigs treated with 
Vibrio cholerae. Davidsohn. 


Thermostability and the Nature of Antibodies. L. A. Silber and Af. W. 

Demidowa, Ztschr. f. Immunitatsforsch. u. exper. Therap. 77:504, 1932. 

Increase in the thermostability of antibodies is due to prevention of coagulation 
and of denaturing of proteins. Prevention of coagulation preserves only the H 
agglutinins ; prevention of the denaturing action of heat preserves the H and the 0 
agglutinins. Dilution of the serum has an anticoagulating effect, while saccharose 
acts as an antidenaturant. Heat exerts at the same time a denaturing effect on 
proteins and a destructive effect on antibodies. The two effects are similar and 
parallel. This suggests that antibodies are protein substances or are closely asso- 
ciated with them. Davidsohn. 


Further Studies on the Thermostability and Nature of the Comple- 
ment. L. A. Silber and A. S. Schafran, Ztschr. f. Immunitatsforsch. u. 
exper. Therap. 77:514, 1932. 

Antidenaturants, such as saccharose, dextrose, maltose and sorbite, in certain 
definite concentrations, increased the thermoresistance of complement, enabling it 
to stand heating at 56 C. for fifteen minutes. Anticoagulants without, or with 
slight, antidenaturing properties failed to protect. A close relationship was observed 
between the destruction of the complementary properties of the serum and the 
denaturing of its proteins. Davidsohn. 

Synthetic Lecithin and Its Antiserums. Herta Maier, Ztschr. f. Immuni- 
tatsforsch. u. exper. Therap. 78:1, 1933. 

The serums of rabbits treated with a mixture of distearyl lecithin and hog 
serum possessed specific antibody functions with the homologous antigen and with 
a commercial lecithin. A lecithin antiserum also reacted with distearyl lecithin. 
The distearyl lecithin antiserum precipitated with the commercial lecithin but not 
with the homologous antigen. The serum reacted strongly and selectively with 
lecithin obtained from the brain of the ox, sometimes even more strongly than 
with the homologous antigen, thus making it advisable to employ the brain prepara- 
tion, particularly after the addition of cholesterol, as a reagent for the testing of 
distearyl lecithin antiserums. This reactivity was not organ specific, as shown 
by tests with alcoholic extracts of brain tissue. Sometimes, though not regularly, 
complement was fixed wdth the acetone-insoluble fraction of the alcoholic brain 
extract. I. Davidsohn. 

Influence of Formaldehyde on Diphtheria Toxin. I. S. Schmidt, Ztschr. 
f. Immunitatsforsch. u. exper. Therap. 78:27 and 323, 1933. 

The rapidity with which diphtheria toxin changes into anatoxin increases with 
the concentration of formaldehyde, and with a rise in temperature and m the 
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hydrogen icn concentmticn, nnd u'.e change n;ay become almost smm:ediate \\ntn 
rich TOccentrations ct forraaldeliyde- Tcgcuier with the change in toxicitj-. v.'h:ch 
is not reversible, the resistance to heat, acids, alkalis and otlter dientical indner.ces 
increases. Because of the marked thermal instability of purified toxin, Schmidt 
suggests first keeping the mixture of purified toxin and icrmalcelij-de at 0 C. and 
then mcreasing tne temnerature. or cnangtng tne raw toxin into anatoxin ana men 
purindns- the nnished product. Tr.e immunizing properties of anatoxin depend 
not only on its nocculating ability but on other, as yet undetermined, factors whidi 
mav be due to tlie presence of extraneous inlifoiting or stiniularing substances in 
the medium. The technic employed in the treatm.ent of toxin with formaldehyde 
may also be responsible. D.widsoex. 


AcTIOX O? i- ORJIAl.I)HEYnn ox DlFrZSlEXT AXTIBODY F'CXCTIOXS. H. BSAfX, 
Ztschm. f. Immumtatsforsdi. u. exper. Therap. 7S:-5, i9oo. 

Tne various annbody functions of different tj-pes of imunune serums are indu- 
enced diS'erently by formaldehyde. In a Forssman heterophilic antiserum tl:e 
coniplenient-hxing antibodies were destroyed by certain concentrations of fcrmaide' 
hyce whidi md not affect tlie predpitins. The effect on an antish.eep serum was 
similar; in tliis case tiie agglutinins proved more resistant th.an the hemolysins. 
The edect of formaldehyde was directly proportionate to the duration of its 
action, to its coucentraticn and to the temperature. In s\-pliilitic serums tlie ccni- 
plem.ent-nxicg and the predpitatir.g qualities were aSected in a uniform manner. 
In protein antiserums (produced by injection of sertun) tlie ccmplement-nxing 
qualities were more resistant tlian tlie predpitins. The spedes-specinc hetero- 
agglutinins anti-0 in rabbit inimtme serums were less resistant tiian tlie group- 
spedSc agglutinins directed against tlie qualitv- A. j Dj^viosohx 


iHE fRACTIOXS Or CoilPLElIEXT : I. TeE FoUSTH .VXD FiFTH FraCTIOXS. 
T. Tod.\ and B. MrrsrsE, Ztschr. f. Immunitatsforsdi. u. exoer. Theran. 
78:62. 1953. 

Toda and ilitsuse confirm tiie existerxe of the fourth fraction oi complement. 
This fraction is destroyed by chlorciorm and etlier as well as by ammonia and 
its salts. The technic oi preparation of different fractions is described. A fiftii 
tracticn was demonstrated, whicii is destroyed by benzine, and whidi possesses tlie 
highest degree oi tliermostabiliti- of all the fracuons, as it stands boiling for one 
hour. It IS recovered in the albumin fraction of the serum, as is the fourtli 
traction, while the third iractioa is attached to the globulin. A comparison oi die 
mermal resistance oi the dirrerent fractions showed tliat it rose from the mid- 
ira^'on through the end-iractiGri — ^ircm tlie tliird to tlie fourtli and to tlie most 
resistant firth fraction. The poison oi a viper destroyed tiie fourtli fraction. Tiie 
snme 5 ^ produced by cadmium chloride, known to react readily witli ledthin. 
The tractions aestroyed fay ether and benzine could be recovered by evaporating 
extract and adding tl;e residue to the inactivated serum. The fcurtli and fifth 
fractions are assumed to be lipoid?.! or closely attached to lipoids. 

I. Davfdsohx. 


IXrLrEXCE Or PuYSICOCHEMlCAE PACTORS OX HETEROPHiLlC AXTIBODIES. 
Ilse Sachs, Ztsdir. f. Iir.munitatsforsch. u. exper. Therap. 78:122. 1933. 

Rapid dilution of the antigenic extract renders it more sensitive if small amounts 


ox tne extract are employed, and particularly if tlie time oi the primary incubation 
is shortened. 'When larger quantities of tlie extract are used, tiie fracticnai 
dilution may. under proper conditions, offer advantages. The heterophilic pre- 
cipitation reaction was considerably increased by incutetor temperature. Shaking 
oi tlie test tubes hastened and intensified the predpitation. but did not affect the 
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complement fixation. The complement-fixing and hemolytjc functions of heterophilic 
and immune serums, which under the usual conditions are lost by heating to 
65 C., could be demonstrated by the use of a very slow fractional dilution of the 
extract, by prolonged (eighteen hour) icebox fixation of the mixture (antigen, heated 
antiserum and complement) and by lowering of the sodium chloride concentration 
(0.6 per cent) during the primary incubation. The precipitating antibodies were 
absorbed from the fresh and from the heated serum by sheep cells but not by ox 
cells. After treatment with heated heterophilic antiserum, heterophilic antigen lost 
the ability to react with proper unheated serums, although the heated serums lack 
the ability to fix complement with a heterophilic antigen. The observation that 
normal rabbit serum has an inhibitory effect on the heterophilic antigenic extract 
similar to that of the heated heterophilic antiserum does not permit the attribution 
of a specific character to the phenomenon. Sachs concludes that the observation 
does not affect the unitar 3 '- conception of the antibodies, but that it does not lend 
support to the other hypotheses. Davidsohn. 

B Antigen and B Antibodies in Man and Animals. V. Friedenreich and 
S. With, Ztschr. f. Immunitatsforsch. u. exper. Therap. 78:152, 1933. 

Human anti-B agglutinins are absorbed by human red cells of type B and by 
rabbit red cells. The anti-B agglutinins of rabbit immune serum are not absorbed 
by rabbit red cells. The two B qualities and the two anti-B agglutinins are not 
identical. The human red cells of t 3 'pe B contain a B; quality, which they have 
in common with the rabbit red cells, and a Bi quality, which is not shared. Thus 
the rabbit immune serum produced by injection of human B erythrocytes contains 
only anti-Bi agglutinins. The titers of the anti-Bi agglutinins in human serums 
vary considerably. The B quality was found in the red cells of the dog, rat, pig, 
and guinea-pig, but not in those of the ox, sheep, goat, chicken and pigeon. The 
Bi quality was not found. Anti-B 2 agglutinins were found in the blood serum of 
diickens, while in all other species only anti-Bi agglutinins were present. 

I. Davidsohn. 

Comparative Complement-Fixation Tests in Leprosy, Tuberculosis and 
Syphilis. G. Kornel, Ztschr. f. Immunitatsforsch. u. exper. Therap. 78:207, 
1933. 

The technic for the preparation of a leproma antigen is described. It was 
somewhat more specific than various syphilitic antigens and the antigen of 
Witebsk 3 ’^-Klingenstein-Kuhn, for which a marked specificity in the complement- 
fixation test for tuberculosis was claimed by its authors. The antigens employed 
for the serologic diagnosis of syphilis and of tuberculosis did not permit a differ- 
entiation of leprosy in the presence of simultaneous tuberculous or syphilitic 
infections. j_ Davidsohn. 


Antigenic Qualities of Bacteria Treated with Ultraviolet Rays. 

St. Gartner and J. Szathmary, Ztschr. f. Immunitatsforsch. u. exper. 

Therap. 78:256, 1933. 

Typhoid and parat 3 'phoid B bacilli and Vibrio aquatilis were exposed for sixty 
minutes and one hundred and twenty minutes to ultraviolet radiation. Their 
ability to produce agglutinins in rabbits decreased progressively with the exposure; 
the loss of antigenic qualities was proportionate to the sensitiveness of the bac- 
terial species to irradiation, which was measured by estimation of changes in the 
turbidit 5 ’- of the bacterial suspension. The specificit 3 ' and the resistance to thermal 
and chemical influences were not influenced by irradiation. Davidsohn. 
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Cause of the Positive Wassermann Reaction in Malaria. O. Fischer 
and O. D. Gunsberger, Ztschr. f. Immunitatsforsch. u. exper. Therap. 78:295, 
1933. 

The frequency of a positive Wassermann reaction during, and for various lengths 
of time after, malarial attacks is due, according to Fischer and Giinsberger, to the 
development of antibodies against the lipoids of the destroyed red blood cells. An 
alcoholic extract of erythrocytes reacted in twenty-one of twenty-eight cases with 
serums of patients with malaria, occasionally but only in low dilutions with 
syphilitic serums and not at all with normal Wasscrniann-ncgative serums. The 
differentiation between the serums of patients with malaria and with syphilis was 
possible by the evaluation of the titers obtained in complement-fixation tests with 
various extracts. A highly sensitive beef heart extract was particularly helpful. 

I. Davidsoiin. 


Tumors 

Diffuse Cystadenoma of the Pancreas, G, C. Parenti, Pathologica 25:1, 
1933. 

A case of diffuse cystadenoma of the pancreas is reported. After a detailed 
description of the microscopic appearance of the tumor, the conclusion is reached 
that it originated from aberrant embryonic cell rests. Jacob Klein. 


Central Chondrosarcoma of Metapiiyses. N. Gulecke, Arch. f. klin. Chir. 

174:401, 1933. 

The first of the three cases of central chondrosarcoma of a tubular bone near 
the joint was noticed after fracture of the neck of the femur in a 48 year old 
■woman. Symptoms existed seven years prior to the diagnosis, which was made by 
biopsy. When shortly afterward the patient died of hemorrliagic pancreatitis no 
metastases were found in the internal organs. The second tumor, in a 30 year 
old woman, was treated for some time as tuberculosis of the hip joint. Eight 
years after the first symptoms the involved portion of the femur was resected. 
Four and one-half years after the operation the patient died with a local recurrence 
of the tumor. The third tumor occurred in the humerus of a 58 year old bartender. 
Fourteen years after the earliest symptoms the upper half of the humerus was 
resected. Eleven years after the operation the patient was still alive, but had 
pulmonary metastases and a local recurrence. 

^ The course of a tumor of this type is long and relatively benign as compared 
with that of a central sarcoma. Because metastases arc late, operation should be 
undertaken even in late stages. The roentgenogram is usually so characteristic 
as to enable one to make the right diagnosis. In doubtful cases, biopsy is indicated. 

C. Alexander Hellwig. 


Two Cases of Metastasizing Neurinomas of the Gastro-Intestinal Tract. 

Kurt Denecke, Beitr. z. path. Anat. u. z. allg. Path. 89:242, 1932. 

The author gives a macroscopic and microscopic description of a pedunculated 
solitary neurinoma of the duodenum and of a cystic neurinoma of the stomach. 
In both cases large metastases to the liver were present. No glia fibrils and no 
axis-cylinders were found in the primary tumors and the metastases. From the 
histologic structure, the author concludes that these neurinomas originated from 
the cells of the sheath of Schwann. C. Alexander Hellwig. 


A Case of So-Called Chondroma of the Lung. Richard Peters, Beitr. z. 
path. Anat. u. z. allg. Path. 89:484, 1932. 

In a 69 year old man a large chondroma was found at autopsy, located ■ in 
thp center of the lower lobe of the left lung. It was composed mostly of 
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cartilaginous tissue, but contained also mucous glands, unstriated muscle, fat and 
fibrous tissue. The complex tumor was derived from a misplaced anlage of a 
bronchus. „ . 

L. Alexander Hellwig. 

Production of Tumor-Like Growths by Inorganic Salts. Ernst Leopold, 
Beitr. z. path. Anat. u. z. allg. Path. 89:542, 1932. 

Small papillomas were produced on the tongues of rabbits by injecting into 
the tissue hypotonic salt solutions. Simple washing of the oral cavity was also 
effective. The most potent substances were calcium chloride and sodium chloride. 
When the same substances were injected near artificial wounds in the ears of 
rabbits, fibroma-like growths appeared in the healing wounds. These tumor-like 
growths were not autonomous but disappeared spontaneousl}’^ after cessation of the 
irritation. Disturbance in the salt concentration of the tissue is regarded by 
Leupold as an important factor in the etiology of neoplasms. 

C. Alexander Hellwig. 

A Case of Myoblastoma Associated with Squamous Cell Carcinoma of 
THE Tongue. R. Schirmer, Beitr. z. path. Anat. u. z. allg. Path. 89:613, 
1932. 

From the tongue of a 36 year old man a tumor was removed which was 
composed chiefly of very unripe myoblasts without striation. The epithelium 
covering the tumor had formed a ripe squamous cell carcinoma penetrating into 
the unripe rhabdomyoma. This myoblastoma is explained on the basis of Cohn- 
heim’s theory of misplaced tissue cells. In spite of their embryonal structure, the 
unripe rhabdomyomas are clinically benign, but they are frequently associated with 
atypical or cancerous proliferation of the covering epithelium. 

C. Alexander Hellwig. 

Subleukemic Reticulo-Endotheliosis Terminating in Reticulo-Endo- 
THELiAL Sarcoma of the Humerus. H. Ungar, Beitr. z. path. Anat. u. 
z. allg. Path. 91:59, 1933. 

A woman, aged 48, whose illness had been characterized by pain in the sacro- 
iliac region and progressive loss of weight and strength, died of lobar pneumonia 
seven months after the apparent onset of her illness. The first examination of 
the blood, two months after the onset, revealed a normal leukocjqe count and 
distribution and anemia that led to a tentative diagnosis of pernicious anemia. 
In subsequent examinations the anemia, which progressed in spite of liver therapy, 
assumed the characters of a secondary anemia. The leukocyte count remained 
normal or was only slightly increased, but from 50 to 66 per cent of the cells 
were lymphocytic, leading to a diagnosis of aleukemic lymphadenosis. The spleen 
was palpable, but the superficial lymph nodes were not enlarged. At necropsy 
there was discovered a tumor of the humerus, apparently arising from the peri- 
osteum, with multiple metastases to the vertebrae, long bones and ribs. The 
reticulo-endothelium of the liver, spleen and bone marrow and of some of the 
lymph nodes was hyperplastic. In the liver and spleen transitions from reticulo- 
endothelial cells to lymphocytic cells like those of the peripheral blood could be 
seen. The condition is interpreted as a primary hyperplasia of the reticulo- 
endothelial system which terminated as a reticulo-endothelial sarcoma of bone. The 
reticulo-endothelial hyperplasia of the bone marrow is considered the intermediate 
stage between the generalized reticulo-endothelial hyperplasia and the terminal 
bone tumor. The case is made the basis of a discussion of the orgin of the blood 
cells, the author adhering to the trialistic doctrine, although admitting that the 
active mesenchyme’ may give rise to the various types of blood cells under abnormal 
conditions. The relations of this case to other reported examples of reticulo- 
endothelial hyperplasia are discussed. O. T. Schultz, 
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Histology of Mixed Tumors of the Salivary Glands. W. E. Zymbal, 
Bcitr. z. path. Anat. u. z. allg. Path, 91:113, 1933. 

Zymbal’s presentation of the histology and cytology of the so-called mixed 
tumors of tlie salivary glands is based on the study of fifty-five such tumors of 
the parotid gland, two of the submaxillary gland and one of the upper lip. Transi- 
tions from normal glandular tissue to tumor tissue and from one type of tumor 
tissue to another were observed. The wide variations in the cellular composition 
of these tumors, extending from tubular glandular structures of practically normal 
morphology to solid, carcinoma-like areas, arc described and illustrated in detail. 
The wide variation in the structure of the mitochondrial apparatus of the cells 
is apparently dependent on differences in the secretory activity of the cells. The 
metachromatic ground substance of the tumors is the result chiefly of the secretory 
activity of the cells. The cartilage-like ground substance is derived from degen- 
erated tumor cells, which contain variable amounts of mucus or mucoid material 
that enters into the formation of the cartilage-like material. In eight of thirteen 
tumors in which explantation of the fresh tissue was done, the preparations 
remained viable and exhibited evidences of growth for as long as three weeks, but 
no proliferating transplantable tissue cultures were obtained. The cellular character 
of the growing explant is dependent on the cellular character of the tumor tissue 
that is explantcd. The author concludes that the tumors under discussion are 
purely epithelial in origin and should not be termed mixed tumors. 

O. T, Schultz. 

Experimentally Induced Epithelial Proliferation of the Rabbit’s 
Tongue. W. Rondorf, Bcitr. z. path. Anat. u. z. allg. Path. 91:176, 1933. 
This is a contribution to the conceptions of Lcupold, under whose direction the 
work was done, of the effect of local cellular metabolism, as influenced by certain 
organic and inorganic substances, on cellular proliferation. The substances used 
in these experiments were calcium chloride and potassium chloride in solutions 
of 1 : 1,000,000 strength, and leucine, glycogen and cholesterol, mostly in solu- 
tions of 1 ; 1,000,000 and 1 : 10,000,000. The quantity injected just beneath the 
epithelium of the margin of the rabbit’s tongue was 0.05 cc. This quantity and 
the strengths of the solutions are reminiscent of the homeopathic procedure of 
“proving” of drugs. The injections were repeated at intervals of from two to 
eight or ten days. Judged by the size and number of papillomas that developed, 
calcium chloride, leucine, glycogen and cholesterol were most effective ; then came 
potassium chloride and cholesterol plus one or another of the salts, and least 
effective were water and cholesterol in concentrations of from 1 : 100,000 to 1 : 1,000. 
The findings are discussed in the light of Leupold’s speculations. 

O. T. Schultz. 

Multiple Adenomas in an Undescended Testis. N. Ide, Beitr. z. path. Anat. 
u. z. allg. Path. 91:241, 1933. 

Exploratory laparotomy in a man, aged 48, who complained of gastro-intestinal 
symptoms revealed multiple metastases in the omentum and mesentery'. The 
primarj' tumor was not discovered. It was known that the man had an undescended 
right testis. ^ Microscopic examination of one of the metastases led to the diag- 
nosis of carcinoma probably originating in the gastro-intestinal tract. At necropsy 
some months later the primary tumor was found to be in the pancreas. The 
undescended testis, which was situated in the inguinal canal, was the size of an 
olive. On microscopic examination it was found to be atrophic but to contain 
multiple tubular benign adenomas of the type originally described by Pick. 

O. T. Schultz. 

Congenital Neurofibromatous !Macroglossia. H. !Muller, Centralbl. f. 
allg. Path. u. path. Anat. 57:55, 1933. 

This rare condition was found in the body of a boy 6 years old who was 
mentally retarded. Over the entire body there were numerous nevi, some finely 
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and some coarsely pigmented. There was also a tumor of the right side of the 

dorsal third of the tongue. In the tongue the papillae were enlarged, and scattered 

in the muscle were pinhead-sized nodules and strands of gray-yellow tissue. The 

nodules contained medullated nerves in their central parts but no ganglion cells. 

The muscle about them was loose. ^ ' 

George Rukstinat. 

Epithelial Cyst of the Heart. A. IColatschow, Centralbl. f. allg. Path. u. 
path. Anat. 57:311, 1933. 

A smooth-topped cyst 21 by 18 by 17 mm. was found at autopsy on the inner 
part of the wall of the left ventricle of the heart of a man 45 years old. About 
four fifths of it projected above the endocardium. The content was jelly-like. 
The cyst wall was fibrous, lay near the muscle and had no inflammation about it; 
the lining was of cylindric epithelium, ciliated in some regions. The author found 
no reports of similar cysts in the literature. He believes that this occurrence 
is best explained as dystopia. Another possible origin would be from the myo- 
epicardial plate if the possibility of metaplasia of epicardial mesothelium into 
cylindric epithelium were granted. About ten years prior to his death the patient 
had had an echinococcic cyst removed from the liver, and during the operation 
the cyst broke, spilling its contents into the abdomen. The author sees no con- 
nection between the liver and a cardiac cyst. Rukstinat. 

Metastasizing Ganglioneuroma of the Sympathetic System. D. Heinrici, 
Centralbl. f. allg. Path. u. path. Anat. 58 ;1, 1933. 

At the necropsy on a man 32 years old, who had an illness clinically resembling 
a disorder of the hematopoietic system, a tumor of the left abdominal sympathetic 
ganglion was found. The growth had two distinct portions, one of normal- 
appearing nerves and connective tissue and another of small round cells poor in 
cytoplasm. The latter cells occurred also in metastases in the ribs, vertebrae, liver 
and lumbar and peripancreatic lymph glands, George Rukstinat. 

Significance of the Spleen in the Growth and Metabolism of Malig- 
nant Tumors. W. Bungeler, Frankfurt. Ztschr. f. Path. 43:409, 1932. 

That the spleen may play an important inhibitory role in the development of 
tumors is suggested by the rarity of its involvement in such growths. From 
experiments with mice into which tumors were transplanted the author concludes 
that the spleen has an inhibitory effect on malignant growth. Extracts of splenic 
tissue inhibit fermentation and increase respiration of tumor cells but also, to a 
lesser degree, inhibit fermentation and increase respiration of normal cells. The 
inhibitory agent is water-soluble, is not bound to proteins or lipoids and is not 
destroyed by heat (100 C.) . The effects described are not confined to extracts 
of spleens but can be produced by extracts of other organs. These extracts, how- 
ever, are less efficient. q_ Saphir. 


Do Giant Cell Sarcomas Exist? E. Kotzian, Frankfurt. Ztschr. f. Path. 
43:484, 1932. 

The author reviews reported cases of giant cell tumors. While many such 
tumors are not malignant, not even being tumors in the sense of a neoplasm, the 
occurrence of true giant cell sarcoma cannot be denied. The author also discusses 
the various possible sources of the giant cells. O. Saphir, 

Primary Plasmocytoma. G. W. Molotkoff, Frankfurt. Ztschr. f. Path. 43:508, 
1932. 

Two cases are reported. In the first, the tumor was located in the_ submucosa 
of the appendix. It consisted almost exclusively of plasma cells with marked 
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pjToninophilic cj'toplasm and eccentrically situated nuclei, ilitotic figures v. ere 
present. A fine* network of collagenous fibers was recognizable, sometimes in 
close relation to tlie cells. Occasionally giant cells were present. The tumor had 
im-aded the muscularis and tlie mucosa. The author believes tliat this is the first 
instance of plasmocjdoma of the appendix described in the literature. In the second 
instance the tumor was foxmd in tlie neck of a 6 year old boy. The architecture 
of the involved nodes %\'as obscured. There was a marked proliferation of plasma 
cells similar to those in tlie first case. Much reticulum was pr^^t. Occasionally 
giant cells with basophilic cj-toplasm were found. The belief is expressed that 
in both cases the condition was a localized plasma cell lymphogranulomatosis. 

O. Saphir. 

Extexsu'e Blastomatosis of the Lymphoheh.vtopoietic Apparatus. R. 

Glauxer, Frankfurt. Ztschr. f. Path. 44:105, 1932. 

A 50 year old man had an enlargement of the axillarj-, inguinal and supra- 
clavicular Ij-mph nodes. One of the latter was removed and revealed a solid 
carcinoma. The patient died six months later, and autopsy disclosed small gra3'ish- 
white foci in the pectoral, abdominal, psoas and iliac muscles and on the peritoneal 
surface. There were large, firm, white masses in the region of the Ij'mph nodes 
corresponding to the bifurcation of the trachea. Small whitish nodules were found 
in the epicardium, the lungs, the spleen, the liver and the mucosa of tlie stomach 
and gastro-intestinal tract. The hepatogastric and hepatoduodenal ligaments also 
were diffusely infiltrated by whitish tumor masses. Tumor nodules were found 
in the cerebellum. The bone marrow corresponding to the right femur revealed 
large whitish areas surrounded by dark red bone marrow. The gross diagnosis 
was “disseminated blastomatosis.” A primaiy- tumor could not be found. Histo- 
logically the tumor nodes revealed a fine reticular and connective tissue network 
in the meshes of which there were round, o\al and polygonal cells with large, well 
outlined nuclei shotHng fine chromatin network and distinct nucleoli. The cells 
were often well separated. Occasionalb', however, they formed a syncj’tium. 
Sometimes giant cells, pj-knotic nuclei and mitoses were present. Phagocj-tosis 
was frequentlj* noted, ilan}- cells contained lipoid granules. Occasionalb' nests 
of tumor cells were found in the b-mphatics. The hypophysis revealed an adenoma 
consisting of chief cells. Because of the dividing of the tumor in organs belonging 
to the reticulo-endothelial system and because of the reticular structure of the 
tumor nodes, the marked phagocj'tosis of the cells and their abilitj’ to store fat, 
it is possible that this case is one of generalized disease of the reticulo-endothelial 
system (reticulosis). On the other hand, the fact that before death a node "was 
removed which hbtologicallj' revealed carcinoma and the fact that nests of tumor 
cells were found in Ij'niphatics are in favor of the view that the nodules were 
metastases of a carcinoma, the primary' carcinoma not having been found. The 
tumor formation might also be explained as a reaction of the reticulo-endothelial 
sj'stem to irritation either by the metastatic carcinoma cells or by tlieir poisonous 

products. ,-1 ~ 

O. Saphir. 


CoMBix.^Tiox Tumor of the Braix (True Axgioglioma). A. Weiss, 
Frankfurt. Ztschr. f. Path. 44:144, 1932. 

A tumor in the brain revealed structures of a cavernous hemangioma with 
true bone formation within a h3’alinized stroma and those of a glioma which sur- 
rounded the hemangiomatous structures. The author believes that the hemangioma 
was the primary' tumor, arising from a malformed anlage of the tuberculum inter- 
columnare. The anatomy and histology of this structure are discussed. It was 
first described by Putnam (Buff. Johns Hopkins Hasp. 33:181, 1922). The opinion 
is expressed that the primary hemangioma caused a secondary' glial reaction, which 
in turn formed the basis for the glioma. There also must have been a hereditary- 
predisposition; otherwise a simple proliferation of glia would not have developed 
into a glioma. 

O. Saphir. 
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Fundamental Questions in Tumor Research. B. Fischer-Wasels Frank- 
furt. Ztschr. f. Path. 44:177, 1932. 

On the basis of the results of researches performed by himself and his assistants, 
the author refutes the theory that tumors have their origin in irritation of tissues] 
not because an irritation cannot be demonstrated but because too many factors are 
present all of which can be interpreted as irritation. Every factor must be 
analyzed separately and should not be disregarded or carelessly brought in con- 
sideration under the broad term of irritation. He does not believe that trauma 
alone is an important factor, and he contradicts a statement in the literature that 
a large number of tumors of the brain are caused by trauma resulting in primary 
areas of necrosis of the brain which produce reactive gliosis, which in turn gives 
rise to malignant growth. He maintains the importance of the “embryonal tumor 
anlage” and also of the hereditary factor. He summarizes a number of basic 
principles in regard to the formation of tumors, namely, “the law of primary 
local tissue insults,” “the law of the typical latent period,” which may vary from 
four to fifty-five years, “the law of the formation of a primary tumor anlage” and 
“the law of the sensible period of tumor formation.” He also emphasizes the 
importance of regeneration in the formation of tumors. As to the question of “a 
special tumor constitution,” he refers to experiments in animals which received tar 
for a long period. In these animals wounds as the result of burns did not heal 
with the formation of scars but underwent tumor formation. He concludes that 
tar and similar chemicals alter the constitution so that an irritant which under 
normal conditions results in a wound and scar may produce a tumor. A “tumor 
constitution” is produced also in producing alkalosis of the blood which is sup- 
posedly typical of cancer. The morphologic appearance of tumor cells, the marked 
irregularities of the nucleus and of the chromatin structures, and the many irregular 
mitoses make it seem possible that the active principles of the tumor lie in_ a 
changed nuclear substance of the tumor cells. Systematic examinations of the 
chemistry of the nuclear substances and the study of their metabolism by the use 
of the new methods of nuclein metabolism may offer a rich field for further 
investigation. O. Saphir. 

Multiple Cavernoma of the Pleura. G. Martens, Frankfurt. Ztschr. f. 

Path. 44:272, 1932. 

Multiple cavernoma was found in the pleura of a 56 year old man who died 
as the result of hemothorax. Microscopically the growths were true tumors. It 
is therefore not likely that they were remnants of healed pleuritis. The author 
discusses the relation between the hemorrhage into the chest and cirrhosis of the 
liver, which was also present. q Saphir. 

Tumors of the Choroid Plexus, Ependymomas and Neuro-Epitheliomas. 

H. Urban, Frankfurt. Ztschr. f. Path. 44:277, 1932. 

These tumors cannot be differentiated clinically, but they are distinguishable 
histologically. A hematoxylin-eosin-safranin method for studying their morphologic 
appearance is recommended. Author’s Summary. 


Systemic Reticulo-Endothelial Hyperplasia with Tumor-Like Forma- 
tions IN A Case of Chronic Lymphatic Leukemia. J. Loesch, Frankfurt. 
Ztschr. f. Path. 44:351, 1932. 

A 47 year old patient received antisyphilitic treatment for several years. About 
one year after the last treatment he noticed swelling of the axillary lymph nodes. 
He was admitted to the hospital with a diagnosis of chronic lymphatic leukemia. 
Autopsy revealed changes characteristic of lymphatic leukemia and also whitish 
nodes in the liver and spleen. Microscopically, a diffuse proliferation of reticulo- 
endothelial cells was found in the spleen, liver and bone marrow. In the spleen 
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and liver this assumed the form of distinct nodules. Some of the lymph nodes 
showed changes characteristic of lymphatic leukemia, while others revealed marked 
proliferation of reticulum cells, which in some instances had completely replaced 
the lymphatic cells. Transitions from lymphatic cells to reticulum cells, however, 
could not be found. Author’s Summary. 


Medicolegal Pathology 

Sudden Death and Syphilis. A. Lee Briskmann, Am. J. Syph. 16:471, 1932. 

Syphilitic disease is assigned as the cause in 30 per cent of twenty-four cases 
of sudden death from coronary sclerosis. 


Injury of the Medulla in Puncture of the Cisterna Magna. A. R. 

VoNDERAHE and F. C. Haberman, Arch. Neurol. & Psychiat. 29:166, 1933. 

A cisternal puncture was made in a patient for tlie diagnosis of meningitis. A 
second puncture was unsuccessful, and the patient died within four hours. Autopsy 
revealed two needle puncture wounds in the medullary portion of the brain stem 
with a surrounding hemorrhage that extended into the fourth ventricle. 

William Freeman. 

Coronary Sclerosis : As Seen in a Coroner’s Office. A. A. Berger, 

California & West. Med. 36:332, 1932. 

The author analyzes statistically the causes of death in 4,754 autopsies that came 
to his attention from 1928 to 1930 inclusive. Approximately SO per cent of the 
deaths were due to “natural causes’’ (nonintentioiial and nontraumatic). Approxi- 
mately 8 per cent of all deaths due to natural causes (4 per cent of the total 
number of deaths) were due entirely to coronary disease in one form or another 
(ruptured heart, ruptured coronary aneurysms, coronary sclerosis with occlusion, 
coronary thrombosis). Coronary disease was found in 50 per cent of the remaining 
cases of death due to natural causes. William Freeman. 

« 

Death Following Ingestion of Five Grains of Acetylsalicylic Acid. 

B. R. Dysart, J. a. M. a. 101:446, 1933. 

A 45 year old white woman, unmarried, a teacher of art, who for fifteen years 
had suffered with increasing severity from “asthma” following an automobile 
accident, had taken epinephrine hypodermically for the terminal three years with 
only occasional relief. Allergically she was also sensitive to many foods. One 
day she took one 5 grain tablet of acetylsalicylic acid, and one minute later she 
went through an “asthmatic” attack and died before a physician could be called, 
the interval being probably about ten minutes. The postmortem examination by 
the coroner revealed only some tenacious mucus in the bronchi and a sarcoma 
of the dura about the size of an English walnut located over the left cerebral 
hemisphere. William Freeman. 

Blood Grouping in Questions of Parentage. A. L. Wiener, J. Immunol. 

24:443, 1933; Am. J. M. Sc. 186:257, 1933. 

The chances of proving nonpaternity when the blood type of the falsely accused 
man is known were calculated. In New York City the average chances of prov- 
ing nonpaternity by means of all four agglutinogens. A, B, M and N, are approxi- 
mately one in three. A man of type A -j- -j- has less than one chance in ten to 
prove his innocence, and a man of type B -|- -h has only one chance in seven. 
Men of the remaining ten types, however, have chances ranging from one in four 
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(O H 1" ) to two in three (AB [-)• The chances of detecting interchange of 

infants in hospitals means of the agglutinogens A, B, M and N are seven in 
ten. 

The medicolegal application of blood grouping for the determination of non- 
paternity is urged on the basis of the experiences of European countries during 
the past ten years. The application of the agglutinogens M and N of Landsteiner 
and Levine is also fully justified at present on the basis of studies of families 
including more than 3,000 children. The method of application is illustrated by 
actual experiences in 6 cases, in 3 of which valuable information was obtained. 

Author’s Summaries. 


Traumatic Rupture of the Paxcreas. H. K. Ransom, J. Adichigan Af. Soc. 
31:332, 1932. 


The author reports a case of uncomplicated complete vertical rupture of the 
pancreas at the junction of the head and body in a 28 year old man who received 
severe abdominal injuries in a street fight. William Freeman. 


Symposium on the Forensic Value of Blood Grouping. Ai. Times 60:203, 
1932. 

Attention is called to this symposium, in which George I. Swetlow discusses 
the legal applications of blood grouping; S. H. Polayes, tlie principles and the 
technic of determining the blood groups; A. S. Wiener, the theory of blood 
grouping with special reference to heredity, and Alax Lederer, the practical appli- 
cation of blood grouping. The question of admitting the results of tests for blood 
grouping in courts in this country is discussed. 


Changes in the Spleen and AIarrow in Acute Carbon AIonoxide Poison- 
ing. F. AViethold, Deutsche Ztschr. f. d. ges. gerichtl. Afed. 21:325, 1933. 

In a series of 200 fatal cases of acute carbon monoxide poisoning the gas was 
demonstrated in the blood of the spleen and the bone marrow. Increased hemato- 
poiesis and vascular dilatation were observed in the marrow. Jacob Klein. 

Protracted Retention of Alcohol in Traumatic Coma. R. AI. AIayer, 
Deutsche Ztschr. f. d. ges. gerichtl. .Aled. 21:337, 1933. 

Alcohol previously imbibed may be found in the urinary bladder for a consider- 
able time after death. In the author’s case alcohol was demonstrated in the blood 
thirty hours after the onset of coma. Traumatic coma delays the excretion of 
alcohol. Jacob Klein. 


Experimental Studies on Poisoning by Industrial Arseniureted Hydro- 
gen. G. Schrader, Deutsche Ztschr. f. d. ges. gerichtl. Aled. 21:342, 1933. 

Observation of a fatal case of arsine poisoning in the industrial preparation of 
cadmium led to a more detailed histologic and experimental study. The out- 
standing lesions were hemolysis and degenerative changes in the kidneys, liver 
and heart. Experiments on guinea-pigs revealed similar changes, particularly in 
the liver and heart. It is of medicolegal interest to note that in some cases 
permanent cardiac damage may result. Jacob Klein. 


Rupture of the Ductus Arteriosus. E. Fritz, Deutsche Ztschr. f. d. ges. 
gerichtl. Aled. 21 : 365, 1933. 

After an accident a woman gave birth to a fetus 43 cm. long which died four 
and one-half hours later. At autopsy on the fetus three small perforations of the 
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ductus Botalli were found. Microscopically these three areas showed complete 
tears with hemorrhage between the layers of the vessel wall and the adventitia. 
In explanation of this rare occurrence it is pointed out that hemorrhages of the 
vasa vasorum occur frequently in the ductus botalli. Jacob Klein. 


Forensic Significance of Blood Types M and N and Other Types. 

F. ScHiFF, Deutsche Ztschr. f. d. ges. gerichtl. Med. 21:404, 1933. 

There are other blood types besides those indicated in the usual four group 
classification. By suitable tests with immune serum M and N types have been 
demonstrated. Moreover, group A of the ordinary classification is found to consist 
of two groups, Ai and As. There is a P factor, as well as the factors excreted 
in the saliva. M and N are constant in their occurrence and follow the mendelian 
law. They are demonstrated even in the blood of the new-Iiorn. In medicolegal 
practice these groups are of value in studying cases of doubtful paternity, illegiti- 
macy and exchange of infants, and even in identifying persons. Thus in a family of 
eight it was possible to distinguish between all but two by means of blood grouping. 

Jacob Klein. 


Technical 

Relation Between the Cerebrospinal Fluid and the Blood Serum in 
Syphilis. F. E. Haag and H. Kolbe, Ztschr. f. Immunitiitsforsch. u. cxper. 
Therap. 77:380, 1932. 

The extract of syphilitic liver, the citochol extract and the Bordet extracts were 
employed as antigens in the complement-fixation tests for blood serum and cerebro- 
spinal fluid. The serums were also tested with three precipitation tests : the 
Meinicke, the citochol-Kahn and the Mueller Ballnng reaction II. The cerebro- 
spinal fluid was tested with the Lange colloidal gold test. In 1,400 cases, com- 
parative tests of the blood serum and the cerebrospinal fluid were carried out. The 
precipitation tests were always specific ; examination of the blood serum, particularly 
with precipitation tests, is essential for establishing the specificity of the results 
in examination of the cerebrospinal fluid, particularly when the latter shows a 
positive colloidal gold test with a negative complement-fixation reaction, as is 
frequently seen in multiple sclerosis. Positive signs in the cerebrospinal fluid with 
negative signs in the blood serum were occasionally encountered in persons with old 
treated syphilis of the central nervous system. Since the employment of the sensi- 
tive precipitation tests for the examination of the blood serum, the number of 
discrepant observations on the blood and cerebrospinal fluid has greatly diminished. 

I. Davidsohn. 


Determination of the Titer of Iso-Agglutinins. Jorma Pikkarainen and 
Y. K. Suominen, Ztschr. f. Immunitiitsforsch. u. exper. Therap. 78:145, 1933. 


The use of pipets (length, 30 cm.; volume, 0.1 cc.) for determination of the 
iso-agglutinin titer permitted a greater accuracy and uniformity than the use of 
test tubes, in a series of a hundred comparative tests. j Davidsohn 


Quick Diagnosis in Efidemic Cerebrospinal Meningitis. S. I. Ginsburg, 
W. S. ICalinin and A. P. Guljaewa, Ztschr. f. Immunitiitsforsch. u. exper. 
Therap. 78:463, 1933. 

A complement-fixation test was developed by Ginsburg and his associates, employ- 
ing as an antigen cerebrospinal fluid heated at 55 C. for thirty minutes. Poly- 
valent antimeningococcus serum served as an antibody. The performance of the 
test takes from three to four hours. Of 252 clinically established cases, 176 
(70 per cent) were serologically, and 137 (54 per cent) bacteriologically, positive. 
In only 2 bacteriologically positive cases was the serologic test negative. In the 
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control series of cerebrospinal fluids, including those of persons with tuberculous 
and pneuniococcic meningitis or cerebrospinal syphilis and normal persons, the test 
was negative. Control tests with the cerebrospinal fluid of patients having 
meningococcic meningitis were negative with normal horse serum and with anti- 
pneumococcus serum, while weak positive results were obtained when antigonococcus 
serum was used. Precipitation tests with cerebrospinal fluid and specific anfi- 
meningococcus serum showed a much lower degree of sensitivity than the comple- 
ment-fixation tests. The positive reaction became negative after termination of 

I. Davidsohn. 


Comparison of the Results of the Sachs and Georgi (Lentochol) Reac- 
tion After Twenty-Four and Forty-Eight Hours. Heinz Eckardt, 
Ztschr. f. Immunitiitsforsch. u. exi>er. Therap. 78:497, 1933. 

The test tubes were kept in the incubator for the first twenty-four hours and 
at room temperature for the second twenty-four hours. In 496 serums, or 6.5 per 
cent of the definitely syphilitic ones, only the second reading, after forty-eight hours, 
was positive. In 275 of the syphilitic serums these reactions were the only positive 
results, because the serums showed a negative Wassermann reaction. Nonspecific 
positive results were not observed. The results after forty-eight hours showed an 
increased sensitivity in cases of early syphilis, during provocative and during regular 
treatment. The inclusion of the reading after forty-eight hours raises the percentage 
of agreements with the Wassermann reaction to 96.3. j Davidsohn 


Prectpitation Tests for the Serologic Diagnosis of Syphilis. Z. 
MiLiiijsKA-SzwojNiCKA, Ztschr. f. Immunitatsforsch. u. exper. Therap. 79:139, 
1933. 

The citochol reaction I and II of Sachs-Witebsky, the “ball” reaction of 
Mueller and the Meinicke Klarung reaction were compared with the Bordet- 
Wassermann complement-fixation test, 27,273 clinically checked syphilitic serums 
and cerebrospinal fluids and 2,563 negative control serums being used. The citochol 
reactions showed the highest degree of sensitiveness and of specificity ; the Meinicke 
test proved least satisfactory. Milinska-Szwojnicka warns against the replacement 
of the complement-fixation test with a precipitation test. Both should be employed 
simultaneousl}L I_ Davidsohn. 


The Physical Fitness of Rabbits for the Production of Precipitating 
Antiserums. P. von Gara, Ztschr. f. Immunitatsforsch. u. exper. Therap. 
79:171, 1933. 

A total of 230 rabbits were employed for the production of precipitating anti- 
serums in the H 3 ’’giene Institute of the University of Greifswald, which is one of 
the official serum institutes in Germany. The immunization was carried out accord- 
ing to Uhlenhuth. One cubic centimeter of serum, preferably fresh, was injected 
on the first, fourth and seventh days. Additional injections followed if the titer 
was less than 1 : 20,000. Not more than 15 per cent of the animals gave serums 
which were satisfactory in every respect, showing the necessity of using at least 
six animals in order to obtain a good specific precipitating serum. The best results 
were obtained with male white rabbits weighing over 2,500 Grn._ During the 
summer, the serums showed fewer nonspecific heterologous precipitins. 

I. Davidsohn. 
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CHICAGO PATHOLOGICAL SOCIETY 
E. H. Hatton, President, in the Chair 
Regular Monthly Meeting, Dec. 11, 1933 

The Iso-Antigenic Properties of Casein. Julian H. Lewis. 

Casein is one of the several antigens of animal origin which lack species 
specificit}’; such an antigen from one species reacts in common with the same 
kind of antigen from other species. Chemically and immunologicall}' casein from 
one source is identical with caseins from all other sources. Antigens which are 
indistinguishable immunologically should serve as antigen in the species from 
which they are obtained just as efficaciously as they do in foreign species. The 
iso-antigenic properties of crystalline lens, brain and testicle had been proved, 
but no test had, as yet, been made on casein. 

A lactating goat was given sixteen intravenous injections of 1 Gm. of casein 
prepared from her own milk and dissolved at f>n 7. Another lactating goat was 
given similar injections of casein from cow’s milk. The immune serums from 
these two goats, as well as the normal serums taken before the injections, were 
tested by complement fixation with caseins from cow’s and from goat’s milk. Both 
immune serums reacted equally with both types of caseins. This e.xperimental 
proof of iso-antigenicitj' is also supported by clinical evidence. A lactating mother 
had allergic reactions when she weaned her child and attempted to stop the mam- 
marj' secretion. Cutaneous tests made with her own milk gave severe reactions. 
Since tlie proteins of whey show strong species specificity and are incapable of 
exciting the formation of antibodies in the homologous species, it is probable that 
the active antigen in this mother was the casein. 

discussion 

H. C. Sweany; What part does hereditj' play in allergj-? 

J. H. Lewis: Heredit}'- has a role in allergic diseases, but statistics varj" as 
to its importance. A man subject to severe attacks of hay fever reared two 
children, one adopted, the otlier his own, under identical conditions. Hay fever 
developed in the son at 20 years of age but not in the adopted son. 

So-Called Alveol.ae. Cell C.\rcinoxia of the Lung. H. C. Swe.any. 

A uniformly low columnar cell carcinoma of the lung spread directly from 
one alveolus to another until all of the right lung and the middle of the left were 
consolidated masses with an ashen-gray appearance. The cells first supplanted 
the normal alveoli and maintained an alveolar arrangement. Some formed papil- 
lary growths into the alveoli. In the older region the cells disintegrated. Because 
of tlie low columnar t 3 'pe of cells the growth seems to have had its origin some- 
where in the lower bronchi or bronchioles. There has never been proof that 
carcinoma of the lung has originated from tlie pulmonarj’- alveolar cells. Probably 
the question can be answered only when the precursor of the alveolar cell is 
established. 

DISCUSSION 

V. Levine; I have seen several instances of carcinoma in tlie periphery of 
the lung. In some of the cases the growth originated in a dilated bronchus near 
the pleura. Thus, a carcinoma limited to the surface of the lung does not neces- 
sarily arise from alveolar epithelium. 
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Cytology of Nasal Polyps. Theodore E. Walsh. 

Interest has long been shown in the etiology of nasal polyps because of the 
differences in the clinical findings in the patients in whom they occur. Polyps 
occur in the nose as the result of a marked acute or chronic inflammation. How- 
ever, it is not generally agreed that infection is necessarily the cause of the 
inflammation. 

Clinically there are t\yo groups of patients with nasal polyps: first, those in 
whom there is definite evidence of infection, as indicated by the presence of puru- 
lent secretion in the nose, and second, those in whom there is no exudate but 
rather a profuse watery nasal secretion, i. e., those with so-called vasomotor 
rhinitis. It has long been recognized by the more conservative observers that 
vasomotor rhinitis is not a surgical condition and that intranasal operative pro- 
cedures in an uncomplicated case will not effect a cure, whereas when the inflam- 
matory condition is due to sensitivity to some allergen, removal of the offending 
allergen will usually alleviate the symptoms and often effect a cure. On the 
other hand, a patient suffering from vasomotor rhinitis is usually subject to 
intranasal infection, and when infection is a complicating factor, operative inter- 
ference is frequently a necessity. In tire case of polyps, it is of value to know 
whether they are due to infection alone or are caused primarily by the vasomotor 
rhinitis, because on this knowledge depend the course of treatment adopted and 
the prognosis. 

Some recent observations on the cellular components of nasal secretions in 
various cases of rhinitis led to the conclusion that in vasomotor rhinitis, whether 
allergy is demonstrable or not, the nasal secretions contain a high percentage of 
eosinophil leukocytes, whereas in infectious rhinitis there are never more than 
S per cent of eosinophil leukocytes in the secretions. This cytologic study was 
continued to include polyps in order to ascertain whether by correlation of the 
clinical findings and the cytology of the polyps any definite conclusion in regard 
to their etiology could be reached. 

The polyps were fixed in a solution of formaldehyde or in Zenker’s fluid to 
which a dilute solution of formaldehyde had been added, embedded in paraffin 
and cut at 10 microns. They were stained with Maximow’s hematoxylin eosin 
azure stain. The cells were present in greatest number immediately beneath 
the basement membrane, while deeper in the tissue they were sparsely scattered. 
There appeared to be two distinct types of pol 3 'ps — those with many eosinophil 
leukocytes and those with only occasional ones. In all the polyps examined there 
were numbers of mononuclear cells and manj’^ plasma cells. Polymorphonuclear 
neutrophils were seen in the polyps from persons who had clinical signs- of infec- 
tion. Of sixty persons whose polyps were examined, thirty-seven had polyps show- 
ing many eosinophil cells and twenty-three had polyps showing only an occasional 
eosinophil cell. Complete allergic investigations were made in nineteen of the 
thirty-seven persons whose polyps contained many eosinophil leukocytes and intra- 
dermal tests with one or more allergens were positive in fourteen and not in five 
of them. Of these five persons four had definitely low blood pressure and low 
rates of basal metabolism and one had marked hypertension. Of the twenty-three 
persons witli few eosinophil leukocytes in the polyps, only two had complete 
allergic investigation and neither had any positive intradermal test or abnormality 
in blood pressure or metabolism. Of the thirty-seven persons with many eosino- 
phil leukocytes in tlie polyps, fourteen had and twenty-three did not have clinical 
evidence of infection as shown by the presence or the complete absence of nasal 
exudate. However, of the twenty-three with few eosinophil leukocytes in the 
sections all had a purulent nasal discharge. In ten of these the pathologic con- 
ditions in the nose were unilateral and in thirteen bilateral, while in the thirty- 
seven who had many eosinophil leukocjdes in the polyps, the pathologic clianges 
were unilateral in only one and bilateral in thirty-six. 

Diametrically opposite views on the etiology of nasal polyps have recently 
appeared in the literature; it is suggested on the one hand that allergj- is to be 



SOCIETY TRANSACTIONS 


443 


suspected in all cases of nasal polj-ps, and on the other that nasal polyps are 
always due to infection. The findings in tlie series of sixty cases reported here 
led to the following conclusions: 

1. There are two types of nasal polyps, (a) those with many eosinophil leuko- 
cytes and (6) those with few. 

2. Polyps with an abundance of eosinophil cells are due to the condition known 
as vasomotor rhinitis, which may be allergic. 

3. Polyps with few eosinophil leukocytes are due to infection alone. 

V.A.scuL.\R Changes in Chronic Experiment.al Atelectasis. W. E. Adams. 

The volume of the flow of blood in a normal lung and its variations under abnor- 
mal inflation have held the interest and attention of investigators in this field since 
the middle of the nineteenth centurj-. Although extensive studies have been 
carried out by many investigators, no definite conclusion has been reached. The 
vascular changes occurring in an atelectatic lung during periods %'arying from a 
few days to over one and one-half years were studied. 

Massive atelectasis of one lung was produced in forty-five dogs by completely 
occluding the bronchus to that lung by the technic in which nitrate of silver is 
used {Ann. Surg. 95:106, 1932). The animals were killed at inter\-als of from 
a few days to one and one-half years, India ink was injected into the blood 
vessels in a portion of the atelectatic lung in some of the animals, according to 
the technic of Corj-llos and Bimbaum {Arch Snrg. 19:1346, 1929). In order 
to obtain microscopic sections of atelectatic tissue in the same lung before and 
after the injection of india ink, a portion of the lung was ligated through a 
thoracotomic opening before the injection. In another group of animals, rein- 
flation of the atelectatic tissue was accomplished through a thoracotomic opening 
by injecting air through a needle inserted into the bronchus distal to the region 
of stenosis. Reinflation was obtained at a pressure of between 35 and 40 mm. 
of mercury-. Again a portion of the reinflated tissue was tied off before the 
injection of india ink. Tims microscopic sections of reinflated atelectatic tissue 
before and after the injection of ink were made available. 

Microscopic sections of pulmonary- tumors that had been atelectatic for a few 
days revealed dilated and tortuous capillaries readily filled with india ink. The 
capillaries were so numerous that the tissue resembled hemangioma. .Melectatic 
lobes at this stage could be reinflated to almost their original size. By the end 
of one month the number and size of the capillaries in the atelectatic tissue had 
decreased. There were no other changes. By the end of four months there were 
large spaces filled with blood, chiefly at the periphery of the parenchyma of the 
lung. These appeared to be alveoli containing blood. .\t this stage a considerable 
amount of fragmentation and desquamation of bronchial and alveolar epithelium 
•n-as noted. From the fourth rmtil the fifteentli month there was a gradual increase 
in the size and number of the blood spaces with a decrease in the number of 
alveolar walls. A gradual increase in the amount of tissue with changes was also 
obsen-ed. Not infrequently there was blood in the smaller bronchioles. Following 
the injection of india ink there appeared to be a partial w-ashing out of the blood 
. from the spaces, but at no time was ink observed within them. Reinflation of 
atelectatic tissue during this period caused a moderate tearing of the alveoli. The 
introduced air entered only a portion of the spaces filled with blood. There appeared 
to be less blood removed from the spaces following reinflation of the atelectatic 
tissue. 

From these observations it is difficult to understand how the blood in tlie spaces 
could have been supplied by the pulmonary- circulation. The lack of blood pigment 
in any- of the microscopic sections precludes the possibility that the blood in the 
spaces was a hemorrhage into the pulmonary- parenchyma. That some of the 
spaces contained less blood follow-ing the injection of india ink, together w-ith 
the lack oi blood pigment, stongly- suggests that this blood was in the circulation. 
Fossibly- the spaces filled with blood w-ere in direct connection with the bronchial 
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arterial system and the pressure in this system may have been sufficiently great to 
break through an atrophied and degenerated wall between the original alveoli and 
the circulating blood. Evidence of degeneration and fragmentation of the epithelium 
of both the bronchioles and the alveolar walls lends support to this view. If this is 
true, injection through the pulmonary system would be less likely to replace the 
blood in such spaces with india ink. This question is being investigated. 

Unusual Peptic Ulcers of the Greater Curvature of the Stomach. 

Warren B. Matthews. 

A woman aged 57 had had symptoms of ulcer without complications for thirty- 
five years. Roentgen examination demonstrated a filling defect of the most 
dependent portion of the greater curvature of the stomach. No free acidity was 
obtained in an Ewald test meal. Two thirds of the stomach was resected by 
Dr. Phemister. The patient has been followed for five and one-half years since 
the operation. She has remained in good health. The excised tissues contained 
an ulcer 1.5 cm. in diameter astride the greater curvature 12 cm. from the pylorus. 
The ulcer had perforated only to the muscularis. Microscopically it was a t 3 'pical 
chronic peptic ulcer, without malignant changes. 

A man aged 56 had suffered epigastric pain for one year. In spite of a loss in 
weight of 20 pounds (9 Kg.) he seemed in fair health. Roentgen examination 
revealed a large crater in the middle third of the greater curvature of the stomach. 
An injection of histamine stimulated a gastric secretion with a free acidity of 52 
clinical units. The preoperative diagnosis was : carcinoma. Dr. Phemister removed 
two thirds of the stomach because of a lesion on the greater curvature, which was 
adherent to the transverse colon. The patient has been well for fifteen months since 
the operation. The excised mass had an ulcer overriding the greater curvature, 
15 cm. from the pylorus, which had perforated all the layers of the wall of the 
stomach and had a base of thickened, indurated omentum. Microscopically the 
lesion ivas a scarred peptic ulcer considerably infiltrated at the base by round 
and plasma cells and eosinophil leukocytes. 

The reports in the literature on this subject are unsatisfactory because of the 
incomplete and confusing data. About 22 reports of peptic ulcer situated exactly 
on the greater curvature apart from the pjdorus were found in which the condition 
was described more or less accurately. Histologic examinations were mentioned 
in reference to 16 of these 22 cases. On the other hand, mention was made of 
140 cases of the type concerned here in reports of 4,380 cases of peptic ulcer 
affecting all parts of the stomach. These 140 cases were mentioned only inci- 
dentally ; the ulcers were not described and, so far as the reports indicate, were 
not studied histologicall}^ 

DISCUSSION 

Dallas B. Phemister: I have no doubt tliat operations have been performed 
on a great number of patients with the mistaken diagnosis of carcinoma, as in these 
cases. In the second patient I suspected a perforating ulcer. There had been no 
infiltration of the entire stomach. 
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An Outline of Immunity. By W. W. C. Topley, il.A., M.D,, F.R.C.P.. F.R.S., 

Professor of Bacteriologj- and Immunologi', University of London. Price, S6. 

Pp. 415, with illustrations. Baltimore: William Wood & Company, 1933. 

The substance of a great part of the material in this book appears in Topley 
and W'ilson’s “Principles of Bacteriolog\- and Immunity,” which was reviewed in 
the Archives (9:1306 [June] 1930). “It has, however, been entirely rewritten. 
In some places it has been compressed, in others extensive additions have been 
made.” The question of the need or desirabilitj' of this separate elaboration of 
the part on immunit>- in the earlier book is answered by the author’s plea for 
more attention in the medical curriculum to the great advances in immunity, no 
matter what department may be entrusted with its teaching. On account of its 
practical importance, tlie fundamental principles should be taught in the preclinical 
years so that the student may be prepared for their applications to clinical medicine 
a little later. The prospective physician should have a basis of sound knowledge 
on which to develop his judgments on immunologic procedures in practice. 
Immunity is an applied science that enables the physician and the epidemiologist 
to inten-ene advantageously in the course of infectious diseases. It is from this point 
of view that the book has been written. In his introduction the author discusses 
the general relations of immunity to epidemiologj' and to clinical medicine, leading 
up to the consideration in the second chapter of the important and difficult matter 
of accurate measurement of immune conditions in the living. The need of sound 
statistical methods in immunologic work is made clear at the verj- beginning. A 
glance at each succeeding cliapter, if only to note its title, will indicate the scope 
and general plan of the book. Chapters 3 and 4 deal with the mechanisms of 
bacterial infection and the mechanisms that hinder or prevent the access of bacteria 
to the tissues. The next six chapters are concerned with antigens and antibodies, 
their nature and their reactions; the antigenic structure of bacteria, knowledge of 
which has advanced rapidly in recent years; the mechanisms of antitoxic and of 
specific antibacterial immunitj'; the response of bacteria to the defenses of the 
host; the origin of the natural antibodies and tlieir role in specific immunitj', and 
the antibodj'-forming apparatus and its reactions. Chapter 12 reviews anaphjdaxis, 
hj'persensitiveness and allergj-. As an example of the author’s waj' of summarizing 
the evidence presented, the concluding paragraph of the summary' at the end of 
this chapter is given in full: 

“Acute anaphylaxis, natural hypersensitiveness, the allergic response and specific 
antibacterial immunity would appear to depend on the same fundamental mechanism 

^the union of an antigen with its specific antibody'. The differences between them 
depend^ on the nature of the antigen concerned (living parasite, toxic substance or 
intrinsically inert material), the nature of the animal into whose tissues it penetrates, 
the rate and route of penetration, the distribution of the antibody in the animal’s 
tissues and body fluids, the secondary' effects of tlie primary' cellular reactions, 
and a variety' of other factors.” 

The three next chapters discuss nonspecific mechanisms in general immunity', 
local immunity' and the influence of diet, fatigue, changes in temperature and 
humidity', chemical agents and other factors on immunity. The review of immunity' 
m Urus diseases (chapter 16) leads to the conclusion that there is no fundamental 
distinction between antivirus and antibacterial immunity'. It is suggested that the 
intracellular confinement of viruses may play' a role in the greater effectiveness 
of antivdrus immunity'. Then comes a chapter on herd infection and herd immunity', 
a^ complex process the understanding of which has been furthered by the investiga- 
tions of the author himself. The concluding parts of the book are devoted to the 



446 


ARCHIVES OF PATHOLOGY 


practical application of immunity in diagnosis (in the diagnosis of infection, of 
herd infection and of immunity), in prophylaxis (antitoxic, antibacterial and anti- 
virus immunization) and in treatment. The final chapter deals with the standardiza- 
tion of immunologic reagents. 

This hurried account of the contents reveals the wide scope of the book. All 
phases of immunity, the scientific as well as the applied, are considered. The general 
plan is to set down the evidence full}^ and fairly and then to draw the conclusions 
that appear to be warranted. By means of different type forms the author indicates 
his ideas of the relative importance of the various parts of the text. Each chapter 
has a list of references, more copious than usual, so that those who are “wise 
enough to prefer their own conclusions to those offered by others may find access 
to the records.” The style is clear and fluent. The author is the critical master 
of his subject in practical^'- all parts. This does not mean that he may not be 
wrong in some of his conclusions, as, for instance, that there is only one specific 
streptococcus toxin. It is safe to say that no book written in English presents 
immunity in all its aspects so comprehensive!}' and adequately as Topley’s, but it 
goes over the head of the average medical student in the preclinical years. For 
the advanced student, the special worker and the teacher, however, there is no 
better book on immunity available at this time. 

Histology. By S. Ramon y Cajal, M.D. (Madrid), F.R.S. (London), LL.D. 
(Clarke); Director, Royal Cajal Institute for Medical Research; Emeritus 
Professor of Pathology, University of Madrid Faculty of Medicine; Nobel 
■Premiate in Medicine; Life Senator of Spain. Revised by J. F. Tello-Miinoz, 
M.D. (Madrid), Professor of Pathology, University of Madrid Faculty of 
Medicine. Authorized translation from the tenth Spanish edition by M. Fernan- 
Nunez, M.D. (Madrid), Professor of Pathology, Marquette University School 
of Medicine. Price, $8. Pp. 738, with 535 illustrations. Baltimore : William 
Wood & Company, 1933. 

From the translator’s preface: “The present work is a translation of the 
elementary student’s textbook of Prof. R. S. Ram6n-Cajal, dean of Spanish 
histologists, for the purpose of presenting in English a compendium of the investiga- 
tions of that author and his disciples.” As was to be expected, the outstanding 
part of this book is the section devoted to the nerve tissue. This contains a 
summary of Cajal’s views and man}' of his classic figures, and is further embellished 
by Tello-Munoz’ excellent illustrations of nerve endings. The other primary tissues 
are treated in some detail, but the microscopic anatomy of the organs is treated 
very briefly and in places the information is inadequate and out of date. For 
example, one would like to see more than ten lines devoted to the islands of 
Langerhans. A valuable feature of the book is the illustrations of the Golgi net- 
work in many unusual types of cells. 

There are some points in the book which merit unfavorable criticism. Accord- 
ing to the translator’s preface, “the English version is an almost exact literal 
translation of the Spanish text, so that the nomenclature, phraseology and syntax 
will often appear unusual. This has been done with a view to rigid accuracy in 
translation, and the desire to enrich our histologic nomenclature by coining into 
English many of the vivid teaching locutions which made Professor Cajal’s lecture 
room a Mecca for students.” The reviewer cannot sympathize with the translator 
in his intention of enriching the English histologic nomenclature. The teacher 
and student of histology are sufficiently burdened with the present English terminol- 
og}' and the need for carrying the French and German equivalents. An unexpected 
disadvantage of this new terminology is the fact that the index is often of little 
aid in using the book, for it does not contain many of the common histologic terms 
(since these are not used in the text). The reviewer also objects to a translation 
so rigorous that Meves is spelled “Mevez” and Tomes “Tomez.” The “almost 
exact literal translation” is incomprehensible in some places and inaccurate in 
others, as on page 30, the “Alalpighian corpuscles of the skin.” An accurate but 
freer translation would have made the text more easily understood. 
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Thgre are many typographic errors, some of which are inexplicable, as, on 
page 3*0, the occurrence of “neutrophilic” and “eosinophylic” in the same line. Some 
of the figures taken from other authors are not credited to them, as figure 182 
(von Ebner) and figure 189 (von Korff) ; in a few cases the figures have been 
credited in tlie text but not in a legend accompanying the illustration. 

It is not fair to omit Altmann’s name from the discussion of mitochondria and 
to credit the discover\' to Benda. It is probable that most cytologists would dis- 
agree with the statement on page 16 : “Concerning the function of the mitochondria 
most cytologists see in them tlie basic material entering into the formation of 
indmdual cells and serving as a basis of protoplasmic inheritance.” 

To the extent tliat the book calls attention to the works of the Spanish histo- 
logists, it is an addition to the English histologic literature. But the reviewer 
wonders whether many of the references to Cajal’s investigations of forty years ago 
represent his views today — ^as, for instance, the idea expressed on page 609 regard- 
ing the hypophysis: “Cajal’s investigations (1894) showed that the epithelium 
of the intermediary- portion possesses tlie character of a sensory organ, since, besides 
containing certain cells, which can be considered homologous to tlie sensory epi- 
thelia of the organ of Corti, are also found arborizations of free nerves, terminating 
among tire cells of the epithelial covering and proceeding from fibers arising in 
the ner\-ous lobule.” 

Cajal’s “Degeneration and Regeneration in the Nervous System” was translated 
into English in 1929. His “Histologic du systeme nerveux de I'homme et des 
vertebres” is out of print. Perhaps a greater service would have been rendered 
English-speaking anatomists had this or other classic writings of Cajal been 
translated, rather than his elementao' “Histology.” 


Number 4 Canadian Hospital. The Letters of Professor J. J. Mackenzie 
from the Salonika Front. With a ^lemoir by his Wife, Kathleen Cuffe 
Mackenzie. Price, S2.50. Pp. 247, witli 13 illustrations. Toronto: The 
Macmillan Company of Canada, Ltd., 1933. 


Beginning with well written biographic notes, in which Mackenzie’s descent 
from a distinguished Scottish line and his professional training under such men as 
Ramsey Wright. His, Braune, Karl Ludwig and Koch are outlined, there follow 
comments on his early career as professor of pathology at tlie University of 
Toronto, ilany honors were conferred on him, including the presidency of the 
American Association of Pathologists and Bacteriologists (1914), His work, his 
inclination to sound problems of research and his interest in art, music and 
literature are interwoven in a philosophic vein, with an outlook on life and its 
meanings which will excite tlie sympathy of those who are closely bound by ties 
of deepest affection. The introduction merges into the description of the departure 
of Number 4 Canadian Hospital for its tour of duty abroad; then follow the letters 
from Salonika, which begin on Oct. 22, 1915, and continue practically daily to 
June 29, 1916. Mackenzie went back to London, where his wife had been waiting, 
and after a period of investigative work with Brodie returned to Toronto and his 
professional duties. The book closes with a brief summary of his life thereafter 
until his death in 1922 from streptococcic endocarditis. 

The nature of tlie work of a scientist and the necessarily objective character of 
his scientific publications sometimes serve to conceal the traits of his personality- 
even from those who have frequent professional contacts with him. The academic 
career is often pursued by- men who are shy, and the seclusion in which much 
of their work is done does nothing to overcome tliis inherent reserve ; and this was 
true of Islackenzie. With him, as with others of his kind, tlie quiet atmosphere 
of the v-riting desk ser\-ed to unleash diffidence and to reveal the man himself. 
The letters are written in the simple and clear English of a iierson with a fine 
background, cultural refinement and a broad education. An undercurrent of love 
and devotion illuminates without dominating the more prosaic but deeply- interesting 
account of the activities of the Hospital, the postmortem examinations, the bacterio- 
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logic problems, the journeys into the neighborhood, the critique of things pplitical 
and rnilitary and the analytic comments on the extensive reading that could be 
done in those periods of quiet which intervene in the military hospital between the 
times of strenuous activity. 

During the course of the World War the medical work of the armies was carried 
on in large part by those who, like Mackenzie, left pressing civilian duties and 
went overseas to labor in field and hospital. To all those this book will be a 
source of interest, enjoyment and appreciation. Most of the newer generation of 
doctors and nurses were too young in those stirring days to serve. To them 
the book will be instructive in its depiction of war without diagrams and maps 
of military actions, without figures as to divisions and regiments, without numbers 
of casualties and deaths, but war as it is seen in those tragic times when the sick 
and wounded are returned back of the lines for suffering and often death, for 
invalidism and for reconstruction. In this recountal the younger reader will find 
that valor in the face of dangers, seen and unseen, so conspicuous among the troops, 
was shared in no inconsiderable measure by the doctors and nurses and other 
members of the medical services of the armies. The book is almost devoid of 
technical terms and can be recommended also to the lay reader. 

Les troubles de Telimination urinaire de I’eau. Etude physiopathologique 
et Clinique. By Jules Cottet, Ancien interne des hopitaux de Paris. Price, 
32 francs. Pp. 212. Paris : Masson & Cie, 1933. 

Water is an important constituent of protoplasm and plays an active part in 
its metabolism. Cottet reports observations on tests of renal function, renal 
physiology, prerenal water metabolism and his clinical experiences with the water 
cure or provoked diuresis. He noted that the metabolism of water may be dis- 
turbed by abnormalities in absorption from the gastro-intestinal tract; by circula- 
tory changes, especially cardiac insufficiency, and by excessive elimination through 
extrarenal pathways. These factors may be combined in infinite variety under 
clinical conditions. The normal kidney concentrates or dilutes the urine according 
to need, while the diseased kidney exhibits no functional rhythm but excretes urine 
of a fixed low specific gravity. Clinically, it is necessary to estimate in each case 
the renal secretory and diluting power, as well as the extrarenal factors affecting 
water metabolism. For this purpose the author studied the rhythm, quantity and 
specific gravity of the twenty-four hour urinary output of a patient who for five 
days previously had taken 5 Gm. of salt daily to establish an equilibrium between 
chlorides and water. The urine was collected and studied in three fractions : 
(1) a night specimen, from 9 p. m. to 7 a. m.; (2) a morning specimen, from 
7 to 9 a. m., and (3) a day specimen from 9 a. m. to 9 p. m. The urine was 
measured ; the color and specific gravity were recorded, and the amount of chlorides 
and urea determined. Also determinations of blood urea were made and compared 
with the urinary excretion of urea. Diuresis was provoked in the morning specimen 
by having the patient drink 600 cc. of water between 6 : 30 and 7:00 a. m. 
Normally a diuresis results which frequently exceeds the amount of water ingested. 
The amount of day urine was normally three times as great as that of night 
urine. With insufficiency of renal secretion there were absence or weakness of 
provoked diuresis, absence of orthostatic oliguria, an increase in night urine and 
fixation of density at a low level. With prerenal abnormalities in water metab- 
olism there were marked orthostatic oliguria, excessive polyuria in the reclining 
position, equality in the amount of night and day urine and dissociation in the 
elimination of water and chlorides, that is, nocturnal polyuria, associated with 
diurnal polychloruria. The author describes and criticizes other functional tests, 
such as those of Violle, Bergouignan, Vollhard and Mosenthal. He discusses 
nycturia, orthostatic oliguria, urinary density, the rhythm of the excretion of 
chlorides and their clinical correlation with gastro-intestinal, hepatic, cardiovascular 
and renal disorders. Thus, he shows that cardiac insufficiency is characterized by 
marked oliguria, wnth uniformity of urinary volume and density. Urinary insuffi- 
ciency may also be due to defective renal secretion, to retention of water and 
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chlorides or to oliguria of extrarenal causation. He describes mild types of oliguria 
and retention of urea due to a habitually inadequate intake of water. He cautions 
that in tlie therapeutic application of water in provoking diuresis, it is necessaiy* to 
adapt tlie cure to tlie clinical condition of tlie patient, with particular regard to 
conditions of absorption, circulation and renal secretion. The book is written by 
a clinician; it is based on clinical studies and is diiefly for practitioners. As 
such it should be of value to all physicians interested in renal function and water 
metabolism. 

Physical Chemistry of Living Tissues and Life Processes as Studied by 
Artificial Imitation of Their Single Phases. By R. Beutner. H.D., Ph.D., 
Professor of Phamiacologj’. Scliool of Medicine. University of Louisville. 
Price. $5. Pp. 337, with 79 illustrations. Baltimore: Williams & Wilkins 
Company, 1933. 

This volume deserves a wider sale and reading than it will get — the former 
because the publisher has hazarded invesbnent on a monograph, and tlie latter 
because it is concerned with cellular physiologj-. which is at once the most diffiailt 
and important phase of modern biologic study and the most “tlieoretical.” Beutner 
makes clear the problem in his opening sentences. The purpose of physiology' is 
to explain tlie dynamics of a madiine and tlie anatomic, chemical and physiologic 
analyses of the lidng madiine are insufficient to tliis end. The physiologist or 
pathologist must tlierefore construct from the nonliving materials of tlie universe 
new machines (or models, as Beutner calls them) wliidi “work’’ as does tlie firing 
organism and by sudi “synthesis" build up systems that qualitatively and quanti- 
tatively are die analogs of firing matter. Toward sudi an end Beutner makes 
three “attempts at approadi,” discussing in the first, membranes and osmosis, in 
the second, crystallization and surface forces, and in tlie tliird. tlie electrical changes 
observed in living matter. The tliird is peculiarly tliat of the autlior (phase 
boundary potentials), tliough even in this he brings under discussion tlie rdated 
labors of otlier men, such as tliose of Lapicque on “dironaxie.” of Ralph S. Lillie on 
wave transmission in iron wire and of Osterhout on dectrical conduction in 
injured tissues. He is even more generous in disrassing tlie findings and opinions 
of otlier authors in the remaining half of tlie volume. For tliis reason the modem 
biologic worker perhaps cannot be referred to a better i-olume tlian tliis for 
orientation on the meclianics of growth, tlie role of osmotic pressure, “membrane 
equilibrium,” tlie function of lipoids, colloid swelling (very weak), intracellular 
oxidation, cellular “permeability,’’ emulsions, protoplasmic structure, “micelles,” 
solid and liquid crystals, surface tension and adsorption. Beutner tlius demonstrates 
how in the nonliving world tlie most various types of systems are known which, 
witliout recourse to meaningless “vital” explanations, give a clew to what may be 
happening in the firing. But he attempts little critique of mutually exclusive 
findings or opinions and makes no effort to coerce tlie reader into any one patliway 
of biologic thought. The syntliesis of what firing matter may be after all is there- 
fore largely leit to tlie reader himself, and he is repeatedly warned against pre- 
mature conclusion by Beutner s constantlv reiterated. “But of this matter we 
know nothing.” 

L infection chez les^insectes; immunite et symbiose. By Paillot. Doc- 
teur_ es-sciences. Laureat de I’lnstitut; Dire cteur de la Station de Zoologie 
Agncole ^ du ^ Sud-Est. OoUi. Price, 100 francs. Pp. 535, with 279 figures. 
Lyon; Librairie Medicale et Scientifique, 1933. 

. Seneral nature of tliis interesting book can be illustrated by 
rimy mdimting its subdirisions. There are seven parts. The first four deffi 
with infections^ of insects by protozoa, fungi, ultrarimses and bacteria, respec- 
tiv^. The fiftli part is devoted to the consideration of natural and acquired 
antibacterial immuniti* in invertebrates. In tlie sixtli part the author discusses 
simbiosis in the plant louse (i'ltccrot:). In tlie seventli part certain economic 
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considerations of infections in insects and the role of insects and other arthropods 
in the transmission of infections are discussed. No attempt will be made to 
review the contents in detail. The presentation is clear, direct, orderly. The 
book is well printed and well illustrated. Undoubtedlj'^, the study of the diseases 
of insects due to ultraviruses is bringing to light new facts that may contribute 
to a better understanding of these diseases in general. Antibacterial immunity in 
invertebrates appears to be associated in a large degree with humoral phe- 
nomena, and phagocytosis seems to play onlj'^ an insignificant role. In certain 
insects symbiosis may be regarded as natural antibacterial immunity. In view 
of the interest in the role of insects in transmitting infectious diseases to man, 
animals and plants, Paillot’s book will be heartily welcomed. It is an important and 
stimulating contribution to the comparative pathology of infectious diseases. 

The Anatomy of the Rhesus Monkey (Macaca Mulatta). By T. H. Bast 
and others. Edited bj’^ Carl G. Hartman, Department of Embrjmlogy, Carnegie 
Institution of Washington, and William L. Straus, Jr., Department of Anatomy, 
Johns Hopkins Universit}', Baltimore. Cloth. Price, $6. Pp. 383, with 128 
illustrations. Baltimore : Williams & Wilkins Company, 1933. 

This book has been produced by the joint efforts of interested scientists to meet 
the growing need for a handbook on the anatomy of the rhesus monkey. It is the 
first comprehensive work on the anatomy of an Old World monkey. Each of 
the eighteen chapters has been written bj”- an especially qualified author or authors 
actively engaged in research closely related to the subject in question. There is 
an appendix on the housing and care of monkeys. The illustrations, almost all 
of which are drawings by Benjamin Kopel, are excellent. At the end of each 
chapter is a selected bibliography. The terminology of human anatomy (Basle 
anatomic nomenclature) is used. There is no apparent reason for disagreeing 
with the editors in their statement that “the book attains the immediate object of 
affording a useful description of the anatomy of the rhesus monkey for research 
workers as well as for such classes in comparative anatomy as contemplate using 
this animal as the object of dissection.” 

Atlas of Pathological Anatomy. Volume I. Compiled by E. K. Martin, M.S., 
F.R.C.S. Issued under the direction of the editorial committee of the British 
Journal of Surgery. Price, SI5. Pp. 489. Baltimore : William Wood & 
Companjq 1933. 

This atlas contains the drawings of pathologic specimens published in the 
supplement to the British Journal of Surgery during the five year period ending 
•with 1930. The object of the compilation is to foster a greater interest by surgeons 
in morbid anatomiq especially as related to clinical surgery. The supply of suitable 
material for this purpose is unlimited. The specimens illustrated in the volume 
are from the great Hunterian Museum of the Royal College of Surgeons and, to 
a less extent, from museums of medical schools. The volume covers tumors of 
bone, diseases of the stomach, breast, kidneys and gallbladder and bile ducts and 
inflammations of bone. Not rare conditions, but typical examples of well known 
diseases, are represented. The text consists of brief descriptions of the gross and 
microscopic material, followed by a brief statement of the clinical features. There 
is no statement as to the preparation of the microscopic sections. The pictorial 
part presents a large number of good colored illustrations of gross specimens and 
also black and white drawings of gross specimens and t 3 'pical microscopic fields. 
There are reproductions of a few roentgenograms. Generally speaking, all the repro- 
ductions are excellent. The microscopic drawings in some cases are perhaps too 
diagrammatic. It is planned to continue the publication until it will include prac- 
tically all subjects that can be illustrated with museum specimens. Undoubtedly, 
the atlas will help to interest the surgeon in a closer study of the structural char- 
acteristics of the conditions that come under his hand and e 3 -e. 
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The Biology of Bacteria; an Introduction to General Microbiology. By 
Arthur T. Henrici. AI.D., Professor of Bacteriology, University of Alinnesota. 
Price. S3.60. Pp. 472, with 112 figures. Boston: D. C. Heath & Company. 
1934. 

The preface states that “this is a textbook to be used by general or nontechnical 
students who will take but one course in microbiologj' ; or in introductive courses 
for other students who will be taught particular applications of the science in 
advanced courses.” The book,‘tlien, stresses fundamental knowledge of the subject 
rather than application. As indicated by the title, it deals for the most part with 
bacteria, but other microbes also receive proper consideration. The first sixteen 
chapters deal with the history of bacteriologj- ; the microscope; a survey of microbic 
life (protozoa, algae, fungi, bacteria and ultramicrobes) : the finer structure, growth 
and reproduction, heredity and variation, metabolism, cultivation and death of 
bacteria, and infection and immunity, including bacterial diseases of plants. Then 
comes a chapter on the classification of bacteria, which is followed by chapters on 
Nitrobacteriaceae. Coccaceae, Spirillaceae, Bacteriaceae, Bacillaceae, Mycobac- 
teriaceae and Actinomycetaceae. As indicated, the classification of the American 
Society of Bacteriologists (Bergey’s Manual) is followed. The final chapters are 
devoted to molds, yeasts, pathogenic protozoa, Spirochaetales, Rickettsiae and virus 
diseases. At the end of each chapter are brief suggestions for further reading. The 
illustrations, original and borrowed, are good. The style is clear and pleasant. 
The book is recommendable without reservation as a sovmd and useful textbook 
in its field. 


CORRECTION 

An error occurred in the last sentence of the abstract of the article by C. V. 
Harrison entitled “Arterial Disease Produced by Cholesterol and Vitamin D” in 
the January issue. This sentence should read: “It is concluded tliat the move- 
ments of the vessel determine the localization of both vitamin D and cholesterol 
lesions and probably also human arterial disease.” 



Books Received 


Precis de microscopie. M. Langeron, Chef de laboratoire a la Faculte de 
Medecine de Paris; Chef des travaux de parasitologie a I’lnstitut de medecine 
coloniale. Cinquieme edition, revue et augmentee. Paper, 86 francs; cloth, 100 
francs. Pp. 1205, with 355 figures. Paris: Masson et Cie, 1934. 

The Biology of Bacteria; An Introduction to Gener.\.l Microbiology. 
Arthur T. Henrici, M.D., Professor of Bacteriology. University of Minnesota. 
Price, §3.60. Pp. 472, with 112 figures. Boston; D. C. Heath & Co., 1934. 

The Thyroid Gland: Its Chemistry and Physiology. Charles Robert 
Harington, M.A., Ph.D., F.R.S., Professor of Pathological Chemistry in the 
University of London. Pp. 222, with 28 figures. London : Oxford University 
Press, 1933. 

Annual Report of the Institute for Medical Research for the Ye.\r 
1932. A. Neave Kingsbury, Director, Institute for Medical Research, F.M.S., 
Kuala Lumpur. Pp. 108. Kuala Lumpur : Federated ^lalay States Government 
Press, 1933. 

Publications of the Department of Pathological Anatomy and 
Histology of the Hungarian Royal Francis Joseph University, Szeged, 
Hungary. Volume 3. Edited by Josef Bal6. Szeged, 1933. 

Les tumeurs benignes du larynx: Etude anatomique et clinique 
suiviE d’une biographie de l’auteur. Professeur Ricardo Botey. No. 25, 
Monographies oto-rhino-laryngologiques internationales. Publiees par M. Vernet, 
L. Ledoux, G. Portmann, H. Aloin et M. Sourdille. In memoriam. Paper. Price, 
25 francs. Pp. 79, with 26 illustrations. Paris : Les Presses Universitaires de 
France, 1932. 

L’ethmoidite. Patrick Watson-Williams et Eric Watson-Williams. No. 22 
Monographies oto-rhino-laryngologiques internationales. Publiees par M. Vernet, 
L. Ledoux, G. Portmann, H. Aloin et M. Sourdille. Analyse en anglais. Paper. 
Price, 35 francs. Pp. 144, with illustrations. Paris : Les Presses Universitaires 
de France, 1932. 

A Study of Growth and Development: Observations in Successive 
Years on the Same Children. R. AI. Fleming, with a Statistical Analysis by 
W. J. Martin. Medical Research Council, Special Report Series, No. 190. Price. 
Is. 6d. Pp. 85. London: His Majesty’s Stationery Office. 1933. 

The Lyophilic Colloids (Their Theory and Practice). Martin H. 
Fischer, Professor of Physiology in the University of Cincinnati, and Marian O. 
Hooker, Research Associate in Physiology in the University of Cincinnati. Price, 
§4.50. Pp. 250, with 84 illustrations. Springfield, 111. : Charles C. Thomas, 
Publisher, 1934. 

Neurology. Roy R. Grinker, M.D., Associate Professor of Neurology, Uni- 
versity of Chicago. Price, S8.50. Pp. 974, with 401 illustrations. Springfield. 111. : 
Charles C. Thomas, Publisher, 1934. 

Diet and the Teeth. An Experimental Study: Part HI. The Effect 
OF Diet on Dental Structure and Disease in AIan. May Mellanby. Afedical 
Research Council, Special Report Series, No, 191. Price, 5s. Pp. 180, with 46 
plates. London: His Alajesty’s Stationery Office, 1934. 

A Diabetic AIanual for the AIutual Use of Doctor and Patient. 
Elliott P. Joslin, AI.D., Clinical Professor of Aledicine, Harvard Medical School: 
Aledical Director, George F. Baker Clinic for Chronic Disease at the New England 
Deaconess Hospital; Consulting Physician, Boston City Hospital, Boston. Edi- 
tion 5, thoroughly revised. Price, S2. Pp. 224, illustrated. Philadelphia : Lea & 
Febiger, 1934. 
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through the endothelium. That the buffer layer in the coronary 
arteries is a response to the unusual stresses which these vessels are 
called on to bear seems reasonable. It is now generally agreed that 
the main coronary vessels and their branches, which lie in the subepi- 
cardial fat, are filled with blood during systole. Per contra, the finer 
branches in the myocardium are compressed and may be closed by the 
contracting muscle during systole. At the end of systole the aortic 
cusps are closed and the highest point of aortic pressure is momen- 
tarily produced. It is this peak pressure which is belieA’'ed to cause the 
rupture of aortic aneurysms. With the diastolic relaxation of the 
heart muscle the intramural branches of the coronar}" arteries are freed 
from compression and are filled with blood, the maximal flow occurring 
during this period. Throughout a part of the cardiac cycle the main 
coronary arteries and their epicardial branches are meeting high pres- 
sure from the blood-filled aorta and resistance from their compressed 
intramural branches. 

It is recognized that the proximal inch of the left coronary artery 
and its descending branch is the favorite region of localization of 
coronary atherosclerosis in its most extreme form. This is the standard 
site of coronary thrombosis. A probable factor of importance in this 
regard is the character of the curve which this part of the vessel takes 
in its descending course. Coming oft* at right angles to the aortic wall, 
this portion of the vessel describes a curve which brings it rather 
abruptly to a course parallel to that of the aortic wall. It is believed 
that the localization of atherosclerosis and of syphilitic aortitis with 
resulting aneur3^sms in the aortic arch is related to the curve which the 
aorta takes and to the high and varied pressures produced in this part 
of the vessel. The curve of the left coronary artery in its proximal 
portion is quite sharp and, perhaps, comparable to that of the ascending 
portion of the aortic arch. Moreover, a large branch of the left 
coronary artery, the circumflex, arises near the orifice at right angles 
to the main vessel. The right coronary artery changes direction only 
slightly from its origin, is usually a relatively straight vessel for a 
large part of its course, and gives off no large branches in its proximal 
portion. 

In the following paper three series of observations are recorded : 

I. Human coronary sclerosis. 

II. Experimental atherosclerosis in the rabbit 

III. A comparison of human and experimental rabbit atherosclerosis 
in the coronary arteries 

I. HUMAN CORONARY SCLEROSIS 

The study of a large series of coronary arteries, lesions of which 
had led to a fatal termination, demonstrated that the histologic changes 
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which the vessels had undergone caused them to fall into t^vo groups. 
This histologic division corresponded closeh* to a difference in the 
ages of tlie subjects represented in the two groups. The first group, 
in which the dominant change in the coronary arteries consisted of 
fibrosis leading to narrowing of the lumen, represented persons from 
25 to 55 years of age. The second group in winch the, dominant change 
consisted of collections of lipoid cells with a tendency to atheromatous 
necrosis, giving rise to so-called atheromatous “abscesses.''' represented 
persons from the age of 47 years up to extreme old age. 

There were two exceptions to this rule in the series, occurring in 
young men, but a reason for these exceptions is made clear in the case 
records (cases 20 and 21). 

It is indicated that the lesions in the first group represent a reaction 
of youth. The lesions in the second group depend apparently on a lack 
of tills reaction at older ages. 

The following cases were selected only because of the necessari' 
limitations of illustration, save that in the first group the cases of the 
youngest patients have been reported. 

CROUP 1 (FIG. 1) 

C.^SE 1 . — A man. aged 25, an athlete, who had had no previous illness save 
one attack of indigestion two weeks before death, was playing baseball as usual 
on Sunday, the day of his death. He made a hit, ran to second base and collapsed. 
The heart weighed 405 Gm. The conditions found were : high grade sclerosis of 
the left eoroJiary artery, descending branch (fig. 1.4). u'if/i thrombosis at a higher 
level; fibrosis with occlusion of the circumflex branch: moderate sclerosis of the 
right coronaiy artery, and myocardial atrophy with repair (chronic myocarditis) 
near the apex. The aorta was thin, smooth and elastic save for one raised scar, 
2.5 cm. in diameter, 3 cm. above the bifurcation: the aorta showed a rather diffuse 
yellow opacitj-, notably about the orifices of vessels, and several small gray regions 
with little projection. 

Case 2. — A man, 26 years of age. a chauffeur, had had an occasional attack 
of acute indigestion. He was removing a wheel from an automobile when he 
collapsed and within a few minutes, when a doctor could be found, was pronotmeed 
dead. The heart weighed 415 Gm. and presented a high grade sclerosis vAth 
thrombosis of the descending branch of the left coronary artery (fig. IjB). There 
was also marked sclerosis of the circumflex branch and the right coronary' artery. 
The aorta was thin, smooth and elastic, with delicate yellow streaks along the 
lines of the intercostal orifices — ^not raised. 

Case 3. — A man, 28 years old, a clerk, felt a sudden onset of precordial pain 
and anxietj'. He sat bent forward with hands on chest at home for four hours. 
He was admitted to a hospital, where he sat in bed in a similar position for 
one hour and twenh’ minutes before death. The heart weighed 340 Gm. and 
showed fibrous sclerosis and thrombosis of the descending branch of the left 
coronary artery for 1 cm., beginning IS cm. from the orifice (fig. 1C). There 
uas gross occlusion of the circumflex branch 3 cm. from the orifice. Opaque 
>eliow patches were scattered throughout all the coronaiy vessels, but the lumens 
elsewhere were free. The aorta was thin, smooth and elastic. 
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Case 4. A man, aged 31, a stationary engineer, did not feel well, and drank 
tea and chicken soup. He lay down and “had a fit,” dying suddenly about one 
hour and fifty minutes after he began to feel badly. There had been no previous 



Fig. 1. — Group 1. Fibrosis, the reaction of imuth. Thromboses in cases 1 to 8 
are shown in A to H inclusive. Coronary insufficiencj'- in case 9 is shown in /. 

symptoms. The descending branch of the left coronary artery shoived eccentric 
thickening with thrombosis over a region 0.7 cm. long, beginning 1.3 cm from 
the orifice (fig. ID). The aorta was smooth and elastic, with two thick circular 
fibrous plaques in the arch. 
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Case 5.— A woman, 34 years of age. married, had nephritis of pregnancy one 
year before death. Several years prior to death she had had an operation for gall- 
stones. Four days before death she had pain in the left side of the chest extend- 
ing to both arms and upward to the neck. No dyspnea accompanied this. She 
went to a physician’s office. The pain was relieved by morphine. The pulse was 
of good quality and regular during the attack. She suffered a second attack of 
pain two days before death, also relieved by morphine. The pain recurred early 
in the morning. While talking with her husband she suddenly collapsed and died. 
The heart weighed 400 Gm. and showed acute fibrinous pericarditis. There was 
an infarction of the wall of the left ventricle from the apex upward, including 
the left portion of the septum, to within 2 cm. of the aortic cusps. The descending 
branch of the left coronary artery shoivcd cecentric thickening, beginning 1.5 
cm. from the orifice. The lumen teas closed by a thrombus 2 cm. from the orifice 
(fig. IE). There was generalized patchy thickening of the walls of both coronary 
arteries, most marked in the left coronary artery. The aorta was thin, smooth and 
elastic save for a scar 5 cm. by 1 cm. in the abdominal portion of the vessel 
and a few small plaques of lime salts above the bifurcation. There were regions 
of yellow opacity without projection about the orifices of the branches. 

C.-\.SE 6. — .A man, 37 years of age. a laborer, who had had no symptoms, but who 
had been drinking alcoholic liquor, weiff to bed at 11 p. m. At 2 ; 45 a. m. he snored 
so violently that his wife became alarmed and called a doctor who on arrival 
pronounced the man dead. The heart weighed 430 Gm. In the left coronary 
artery together leith the descending and eircumflc.r branches there teas eccentric 
thickening, xdth thrombosis of the descending branch near the origin (fig. IF). 
The right coronary artery showed some thickening of the wall, but the lumen 
was large and clear. The aorta showed patches of yellow opacity, without thick- 
ening about the ring, and pinhead-sized yellow opaque regions scattered in the 
arcli. about the orifices of the intercostal branches and almost continuous in the 
abdominal portion of the vessel. Apart from these deposits, which did not project, 
the aorta was thin, smooth and elastic. 

Case 7. — .A man, aged 38, an attendant in an automobile parking space, with 
no previous illnesses, went into a restaurant, complaining of indigestion, and 
asked for sodium bicarbonate in water, which he drank. He walked a short 
distance to an express office, sat down in a chair and then collapsed on the floor 
— all within ten minutes. The heart weighed 390 Gm. The coronary orifices were 
small, in scarred areas in the aortic ring. The descending branch of the left 
coronary artery zeas narrozecd almost to occlusion zeith thrombosis for O.S cm., 
beginning 1.5 cm. from the coronary orifice (fig. 1 G). Patches of irregular thick- 
ening were scattered through the coronary vessels. .A series of raised gray scars 
and yellow opaque foci were present in the thoracic and upper abdominal regions 
of the aorta. A ruptured atheromatous focus. 2.5 cm. by 2 cm., covered with trans- 
lucent gray-red clot overlying red clot, was found in the midabdomiual part of 
the vessel. 

Case S. — A man, 38 years old. an automobile mechanic, lived at the top of a 
hilt 100 ft. (jO meters) high, with a steeply graded approach. He came up the 
hill rapidly and said that his heart bothered him. He later got out of bed and 
sat at a window two hours. The next day he saw a physician, who found a 
tachycardia, which was relieved by morphine. Two days later he was seized with 
pain in the chest and took a Seidlitz powder. He suddenly fell to the floor and 
when a doctor arrived, within a few minutes, he was pronounced dead. The heart 
weighed o20 Gm. The descending branch of the left coronary artery zeas found 
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almost completely occluded for 2 cm., beginning 2 cm. from the coronary orifice, with 
a sharply localized clot 2.5 cm. from the orifice (fig. 1 H). The proximal portion of 
the circumflex branch was similarly narrowed. The condition of the right coronary 
arter}^ was not recorded. The aorta showed opaque j^ellow patches in the descend- 
ing arch, with streaks along the intercostal orifices. There were several gray 
scars in the abdominal portion of the vessel. 

C.'\SE 9. — This was an instance of coronary insufficiency. A man, aged 41, a 
mechanic, had had neuritis for one j-ear. Apart from this he had not had any 
reason to consult a doctor for many j'ears. There had been no indigestion. He 
started to walk to work with a fellow workman on a cold morning. He collapsed' 
on the street and died suddenly. The heart weighed 370 Gm. There was eccentric 
yellow thickening in regions of the wall of the left coronary artery, but the 
lumen was of moderate size and clear. In the right coronary artery there zoos 
almost complete obliteration of the lumen for 2 cm., beginning 2 cm. from the 
orifice. There zvas no thrombosis (fig. 17). Beyond this point the walls were 
slightly thickened and showed some calcification. The arch of the aorta was 
beset with many pinhead-sized yellow foci. In the thoracic region occurred yellow 
streaks and pale gray larger patches over deep yellow deposits. The surface over 
the pale graj' regions was edematous, and section disclosed mucoid swelling of the 
tissues. In the abdominal portion of the vessel similar patches of gray scarring 
and several larger soft atheromatous foci were present. 

SUMMARY OF OBSERVATIONS IN GROUP 1 

Xiifritiou of the Xezu Tissue . — The nutrition of the new fibrous 
tissue in this group depended in its early stages on imbibition from the 
blood circulating in the lumen. Ultimately, as the fibrous layer increased, 
this became inadequate and necrosis resulted. In each of the vessels 
shown in figure 1 there was a zone of necrosis, which tended to be 
crescentic and which affected the layer farthest from the lumen, i. e., 
next to the media. In coronary artery E (fig. 1) there was massive 
necrosis including most of the new tissue. In the coronary arteries 
exhibiting the standard crescentic necrosis small groups of cells directly 
next to the media sometimes survived, particularly if vasa vasorum were 
present. 

More interesting, however, was the formation in the more central 
la)'ers. near the lumen, of a capillary circulation. This capillary layer 
seemed to be cut off' by the zone of necrosis from any connection with 
the outer wall and a circulation through possible vasa vasorum. Search 
of series of sections revealed a direct connection of this capillary layer 
with the coronary lumen. This is best illustrated in the coronary 
artery of a painter, 55 years of age, Avho died suddenly without previ- 
ous symptoms (case 10). Here the central capillary zone was large 
(fig. 2). Such a capillary circulation was found in coronary arteries 
B, C, D and G (fig. 1). In coronary artery A no vessels were found 
in the new intimal tissue. In coronary artery G vasa vasorum supplied 
the outer layer as well. In coronary arteries F, H and I what circulation 
was present came from vasa vasorum. In coronary artery E no vasa 
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vasorum \\ere found, but groups of cells surM'\ed along tbe medial 
Junction in a relation suggesting their possible influence. 

Elastica. As i\as to be expected, the internal elastic lamina in the 

advanced processes in these tenninal conditions showed fragmentation 
and flattening. It even disappeared in regions where the fibrous la\er 



F’g - — Central capillarj circulation connecting’, w ith lumen of coronary artery 
in case 10, viith two capillaries opening on surface. 

had crossed its site and imaded the media. Only occasional!} was there 
evidence of reduplication. 

Sections from smaller branches of the coronart' arteries, in which 
the process was seen in earlier stages, disclosed in the earliest processes 
an almost intact elastic lamina (fig. 3 A). Even in advanced processes 




Fig. 3 — A, branch of human coronary arterj' ; X 90 ; early fibrosis with lipoid 
cells; elastica almost intact. B, left descending branch of human coronary artery; 
X 50 ; advanced fibrosis, elastica in normal locus, somewhat fragmented and broken ; 
media intact. 
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the elastic lamina was sometimes found in its normal locus and, though 
somewhat flattened and fragmented, gave evidence of its resiliency by 
its Avavy outline (fig. 3 5). The principal changes in the elastica occurred 
Avhere fibrous tissue from the intima iiwaded its site. While conditions 
of stress favor the localization of lesions in the arteries, definite morpho- 
logic CAudence of injury to the elastica is not constant. 

Media . — The media in the left coronary artery in case 2 (fig. 15) 
showed general hypertrophy. Hypertrophy in part Avas shoAvn in others, 
as in that in case 1 (fig. 1 A). There Avas invasion of the media by con- 
nective tissue in the loAver segment of this artery, and A^arying degrees 
of local invasion, thinning or hypertrophy in all of the others of the 
group. As Avas true of the elastica, examination of sections of early 
lesions disclosed no evidence of medial injury or reaction. The lesions 
of the media appear to he secondai'y to the intimal process. 

Cellular Inflammatory Reaction . — Varying degrees of lymphoid cell 
infiltration of the intima Avere seen in this group. In the left coronary 
artery in case 1 (fig. 1 H) a rare lymphoid cell occurred in the more 
central portion of the thickened intima, and a rare small group near 
the media. In the other arteries in this group a more considerable 
degree of infiltration appeared, particularly near the regions of necrosis, 
and in some cases near the thrombosed lumen. 

There Avas no lymphoid cell infiltration of the media in the left 
coronary arteries in cases I, 2, 3, 4, 5 and 8 (fig. I A, B, C, D, E and H) . 
There were focal collections of cells in the artery in case 6 (fig. 15) 
and diffuse infiltration in that in case 7 (fig. 1 G). 

Perivascular collections of lymphoid cells occurred in the adventitia 
of all of the coronary arteries in the group save those from cases 1 and 
4 (fig. 1 A and 5). 

Studies of early processes in branches of the coronary arteries, 
AAdiere the lesions Avere still proliferatHe and Avithout necrosis, revealed 
no lymphoid cell invasion or other evidences of inflammatory reaction. 

The relation of the lymphoid cell infiltration to the advanced lesions, 
in Avhich necrosis had occurred, makes it probable that the inflammatory 
reactions arise in this disease as a response to the presence of necrotic 
tissue products. The inflammatory reaction is therefore secondary and 
usually late. This is consistent Avith the finding of MacCallum that 
infections probably do not play a great part in the pathogenesis of 
arteriosclerosis. 

Calciflcation . — ^Tangible deposits of lime salts did not occur in the 
coronary arteries of the first group. A minor degree of calcification 
AA'^as found in the arteries from some of the older cases of group 2. 
Calcification is in general a much later phenomenon in the coronary 
arteries than in the aorta. From the standpoint of etiology it is of little 
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significance. Jenner’s famous letter has influenced clinicians to look 
on calcification as of particular importance in coronary disease. The 
tissue deposit of lime salts is always of monumental character, marking 
the site formerly occupied by living tissue. In some cases of coronary 
disease it may serve, as an end-result, to prevent coronary spasm, and 
thus, perhaps, delay the fatal termination. 

Lipoid Cell Infiltration . — Lipoid cell groups, usually small, were found 
in all the coronary arteries in this group, and definite atheromatous 
regions of liquefaction were present in the coronary arteries from cases 
6 to 9 (fig. 1 F, G, H and I). The process was dominantly fibrous, how- 
ever, even in these vessels, particularly^ about the lumens. 



Fig. 4. — Subendothelial V-shaped region of necrosis from case 1; stained with 
Weigert’s stain for fibrin. 

The intimate relation of lipoid cells to the new growth of fibrous 
tissue was manifest in all of these vessels. It was best illustrated, 
however, in early' lesions in the smaller branches of the coronary' arteries. 
Discussion of this relation is deferred to the second section of this 
paper where comparative illustrations make the process more clear. 

Catise of Thrombosis . — In the left coronary' arteries in cases 1, 2, 
4, 5, 6 and 8 (fig. \ A, B, D, E, F and H) there occurred regions of 
fibrinous or fibrinoid “ necrosis arising in the subendothelial tissues and 
extending to the intima (fig. 4). The material saved in cases 3 and 7 

3. The material reacts in some cases completely and in others incompletely to 
Weigert’s stain for fibrin. 
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was minimal; it is possible that further sections would have disclosed 
this lesion. Its occurrence in six of the eight arteries illustrated, a per- 
centage which corresponds to that found at older ages, suggests that 
this is the lesion which leads to thrombosis when the necrosis reaches 
the endothelial layer. This reasoning is based on the belief that endo- 
thelial necrosis leads to thrombosis. The subendothelial and the endothe- 
lial processes may have been produced simultaneously. It is difficult to 
account for the subendothelial lesion as a sequence of an endothelial 
necrosis. 

GROUP 2 (FIG. 5) 

Case 11. — A retired business man, 61 years of age, with no record of illness, 
collapsed on the street. He was brought to the hospital by the police and there 
was pronounced dead. The heart weighed 425 Gm. The coronary arteries showed 
regions of narrowing almost to occlusion, notably of the descending branch of 
the left coronary artery and particularly just below the origin of the circumflex 
branch. The circumflex branch showed thickening with calcification, as did the 
right coronary artery. The size of the lumen in some regions was, however, 
almost normal. The heart showed atrophy with fibrosis over the left wall of 
the left ventricle extending onto the septum, with atrophy of the left papillary 
muscle. There was high grade sclerosis, with scarring and plaques of lime salts, 
throughout the aorta. Figure 5 A shows an imruptered atheromaious “abscess” in 
the proximal portion of the descending branch distorting the lumen, vAiich lay to the 
left and above. The vessel zvas obliterated by fibrosis beloiv. 

Case 12 . — h man, aged SO, an engineer in an ice plant, with no previous com- 
plaints, had a pain in the chest and was taken by his son in an automobile to a 
doctor’s office. He collapsed in the automobile and was pronounced dead. The 
heart weighed 380 Gm. There was narrowing of the descending branch of 
the left coronary artery almost to occlusion 1.5 cm. below the orifice. Below 
this the lumen was the size of a small pin; it then widened to a moderate size. 
In the circumflex branch and the right coronary artery occurred patches of yellow 
thickening, but the lumen of the right coronary artery was large. The aorta in 
general was smooth, with a large scar at the junction of the ductus arteriosus. 
Yellow opaque regions without projection were present in the arch and in the 
thoracic regions of the vessel, and slightly raised opaque yellow regions in the 
abdominal portion of the vessel, with three scars, two of them large, extending 
into the iliac vessels. Figure 5 B shows a large, almost empty, atheromatous 
abscess’ to the right and below. The lumen to the left and above contains a 
thrombus including lipoid cells. 

Case 13. A man, 60 years of age, an appliance mechanic employed by a gas 
company, had had pain in the chest for two weeks. He went to work at 9 a. m., 
returned home at 11 a. m., and had a typical attack of angina. He was found 
dead at 5.15 p. m. The heart weighed 656 Gm. In the descending branch of the 
left coronary artery was a clot 2 cm. from the orifice in a region of narrowing. 
In the lower two thirds of its course the vessel showed almost complete oblitera- 
tion. The circumflex branch and the right coronary artery showed minor sclero- 
sis. The myocardium was thinned, with fibrosis over the left wall of the left 
ventricle and the neighboring septum. In the aorta there was a relatively minor 
egree of sclerosis, with rather abundant yellow opaque patches. Figure 5 C 
shows the point of rupture of an atheromatous "abscess,” to the right and below. 
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into the htinen, to the left and above. Thrombosis and atheromatous contents were 
found below this level. 

Case 14. — A man, aged 51, an inspector of water meters, collapsed in a house 
after coming upstairs from the cellar, where he had inspected the meter. There 




















Fig. 5. — Group 2. Atheromatosis — lack of reaction in age. Rupture of or into 
atheromatous pockets, with thrombosis, in all cases save case 11 (A) and case 
19 (I). In the latter cases death was due to coronary insufficiency. 

was no history of illness. He was pronounced dead on arrival at the hospital. 
The heart weighed 400 Gm. There was scarring of the aortic ring with nar- 
rowing about the coronary orifices, notably the right. There was narrowing 
of the lumen of the descending branch of the left coronary artery, with almost 
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complete occlusion 2 cm. from the orifice. In the circumflex branch there ^vas 
eccentric thickening of the wall. The right coronarj- artery, a vessel of normal 
caliber beyond the narrowed orifice, exhibited minor thickenings of the wall 
with a clear lumen. Aloderate sclerosis of the aorta was present about the orifices 
of branches. Figure 5 D shows a large atheromatous "abscess” to the right and 
below rupturing through necrotic regions, shozun by deep staining fibrin, info 
the narrozo lumen above to the right. A platelet clot is seen in the lumen. 

Case 15. — A man, 58 years old, a shoe manufacturer, was attending a con- 
vention. He had had slight indigestion at times. He collapsed in a hotel and was 
pronounced dead by a physician almost immediately. The heart weighed 320 Gm. 
There was narrowing of the lumen of the descending branch of the left coronary 
arteiy- with calcification and tlirombosis of the narrowed lumen 3 cm. from the 
orifice. In the circumflex branch there was apparent occlusion 0.5 cm. from its 
origin. The condition of the aorta was not recorded. Figure 5 E shows a rupture 
of lumen into a pocket filled zvith lipoid cells, above to the 7-ight; fibrin bands 
spreading fanlike from the point of rupture and occluding the lumen, and a large 
atheromatous “abscess,” belozv. 

Case 16. — A man, aged 50. a dress designer, collapsed at work, and when the 
doctor arrived, within five minutes, was pronounced dead. There was no history 
of illness. The heart weighed 330 Gm. In the descending branch of the left 
coronarj- artery, beginning 1 cm. from the orifice, was a clot extending 1 cm. 
Patches of concentric and eccentric tliickening occurred in all of the coronary 
vessels, with small but patent lumens. Regions of yellow opaque thickening 
occurred in the arch and the thoracic portions of the aorta. In the abdominal 
portion of the vessel opaque yellow regions and gray scars with some calcified 
plaques were almost continuous. Figure 5 F shows a rupture of a massiz'c atheroma- 
tous “abscess” occupying most of the zrcssel thi'ough a tear {left) in its thin zvall 
into the compressed lumen, zchich is to the left and above. 

Case 17. — A. man, aged 62, was a concessionaire in a baseball park. He had 
an attack of angina one year before death. He was overweight. He had lost 
18 pounds (8.2 Kg.) recently on advice of a doctor. He worked hard the day 
before death, and ate a heavy evening meal. He was found dead in the morning. 
The heart weighed 500 Gm. There was marked concentric thickening of the 
descending branch of the left coronary artery. The circumflex branch was 
narrowed apparently to obliteration about 3 cm. from its origin and contained 
clot beyond that region. In the right coronary there was eccentric thickening 
of the wall with an apparently double lumen at one point containing clot. There 
was some thinning with myocardial atrophy and scarring over the right wall 
of the left ventricle extending onto the septum, as well as atrophy of tire right 
papillarj' muscle. In the thoracic portion of the aorta occurred large, raised 
atheromatous patches, the largest 3.5 cm. in diameter. In the abdominal portion of 
the vessel were yellow opaque streaks above and larger raised yellow patches 
below, the area above the bifurcation being relatively free. Figure 5 G shows 
four atheromatous foci. The lumen in the center is seen filled zidth a thrombus 
and material from an atheromatous cavity. 

Case 18. — A man, aged 66, a painter, was arrested for drunkenness. He had 
made no complaints of illness. He talked with a fellow prisoner thirtj' minutes 
before he was found lying on the cot in his cell, dead. The heart weighed 290 Gm. 
There was narrowing of the descending branch of the left coronar 3 - arterj', 
with almost complete obstruction 2 cm. from the orifice. The wall was grav 
and opaque. The vessel below was filled with clot. In the right coronarj- arten.* 



Fig. 6. — Exceptions in group 2. Atheromatosis in young men. A (case 20), 
organized thrombus in lumen ; atheromatous “abscess” occupying most of vessel. 
B (same case), terminal thrombosis in fibrosed vessel. C (case 21), canalized 
lumen surrounded bj^ atheroma. D (same case), terminal rupture of vessel into 
atheromatous “abscess.” 

myocardium near the apex and along the junction of the wall and the septum in 
the region of distribution of the left coronary arter 3 % The orifice of the right 
coronary artery was small. The descending branch of the left coronary artery 
was almost completely obliterated c.xcept for a pinpoint-sized opening about 2 cm. 
from the orifice, with some calcification. The lumen was generally somewhat 
narrowed. The circumflex branch was of relatively large caliber, with patches 
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or thickening of the walls. The right coronary artery was rather small, with 
marked thickening of the wall and narrowing of the lumen 1.5 cm. from the 
orifice. The aortic sclerosis was advanced, of nodular type with scarring in the 
arch and thoracic regions together with plaques of lime salts, and with many 
high atheromatous foci in the abdominal portion of the vessel. Figure 5/ shows 
a large alheromatons process almost surrounding the lumen, zvhich is very small. 

exceptions in group 2 (FIG. 6) 

Case 20. — A man, aged 37, an instructor in an automobile school, had been 
well except for attacks of indigestion. He had been an intermittent drinker. On 
his return from overseeing the registration of a student, he said that he did not 
feel well about the heart and had had to vomit at the registrj\ He went out to 
a restaurant, sat down in a chair and collapsed, dying immediately. The heart 
weighed 370 Gm. There was hypertrophy of the left ventricle. No infarction 
was seen. In the left coronary artery, beginning 0.6 cm. from the orifice, was 
a clot which extended 1 cm. Below this the wall of the vessel was thickened and 
almost completely obliterated for 1.5 cm. In the circumflex branch were found 
minor yellow opaque patches of thickening. In the midregion of the right coronary 
artery the wall was thickened almost to obliteration. The aorta was not described. 
Figure 6 A shows a z>ery large atheromatous focus, but the site of the lumen {left) 
is occupied by organising tissue replacing evidently a thrombus. In a section at a 
higher level (B) the thrombus which caused death in a second attack is shoion. 

Case 21. — A man, 38 years of age, a veteran being compensated for a cardiac 
condition, collapsed while wading in shallow water. Autopsy disclosed no evidence 
of drowning. The heart weighed 610 Gm. An old infarction and thinning of 
the septum and adjacent left ventricular wall running upward from the apex 
8.5 cm. and 5 cm. wide were found. The descending branch of the left 
coronary artery was grossly occluded 2 cm. from the orifice, with some calcification. 
The circumflex branch was also occluded 2 cm. from the origin. Beyond these 
regions of occlusion the vessel was filled with blood. In the right coronary artery 
there was thickening of the wall with a small lumen free from clot. In the aorta 
were found a series of small white scars in the descending arch and about the 
orifices of the branches, notably the intercostal. Calcified plaques occurred in 
the upper abdominal part of the vessel with yellow opaque deposits scattered in the 
part below. Figure 6 C shows a large atheromatous focus encircling a central 
fibrous layer about vohat xvas the lumen. At the site of the lumen occur a series 
of canaheub, apparently resulting from an old organised thrombus. At a different 
level (D) there is rupture from the vascular lumen into an atheromatous pocket. 

It is evident in each of these exceptions to the rule, occurring in 
t'oung men, that earlier thrombosis was responsible for the older age 
reaction shown. 

SUMMARY OF OBSERVATIONS IN GROUP 2 

The formation of an atheromatous cavity or “abscess” begins by the 
laying down of masses of lipoid cells with a minimal amount of sup- 
porting fibrous tissue. The partitions between the cells in many cases 
are slender strands of reticulum (fig. 7 A). These massive accumula- 
tions of cells are dependent on imbibition for their nutrition, even when, 
in some cases, vasa A-asorum have penetrated through the media. As 
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Fig. 7. — Human coronary arteries showing evolution of atheromatous “abscess:” 
A, lipoid cell masses near lumen; X HO. B, detail of lipoid cell masses; X H5. 
C, necrotic lipoid cells with splitting of lipoid esters ; X 200. D, atheromatous 
“abscess X 76. 
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a result of the hazard to the nutritive supply, necrosis tends to occur 
(fig. 7 C). This is associated with the splitting of the esters contained 
within the cells, and cholesterol crystals are formed. The space occupied 
by the dead cells is converted into a cavity filled with living and necrotic 
cells, detritus, cholesterol crystals and fluid (fig. 7 D). Such an accu- 
mulation was given the name of atheromatous “abscess” from its gross 
appearance. The lesion is not, however, inflammatory in atiy sense. 
Striking is the constant absence of bacteria and of inflammatory cells 
from such a focus. The protective properties of cholesterol are prob- 
ably responsible for this constant absence of infection. 

The standard cause of death in this group is the rupture of an 
atheromatous cavity into the lumen, secondary thrombus formation 
occurring in most of the instances (cases 13. 15, 16, 17 and 18; fig. 5 C, 
E, F, G and H). Or rupture may occur from the lumen into an athe- 
romatous focus (case 14; fig. SD). Death may also arise from coron- 
ary insufficiency (case 19; fig. 5/). 

CONCLUSIONS 

From this study of coronary sclerosis certain facts appear: 1. Ath- 
erosclerosis is a disease and not the inevitable consequence of age, since 
it appears in the young and may be highly selective in its localization. 
2. The characteristic lesion in youth is a fibrosis associated with the 
presence of lipoid cells, which do not accumulate in large aggregations, 
because of the growth of the fibrous tissue. 3. The characteristic lesion 
at older ages is the accumulation of large collections of lipoid cells 
with minimal connective tissue support. As a result of poor nutrition, 
massive necrosis occurs, giving rise to so-called atheromatous 
“abscesses.” 4. The standard cause of death in the young is thrombosis 
following subendothelial necrosis which extends to the endothelium. 

5. The standard cause of death in the older group is the rupture of an 
atheromatous “abscess” into the lumen, usually followed by thrombosis. 

6. -The process is primary in the intima; stresses favor the localization 
of the lesions ; morphologic lesions in the elastica and media occur 
secondariI 3 ^ 7. The disease is not inflammatory in origin. 

rr. experimental atherosclerosis in the rabbit 

SUITABILITY OF RABBITS FOR THE PRODUCTION OF EXPERIMENTAL 

at HEROSCLEROSI S 

In the period from 1903, when Josue * claimed to have produced 
medial arteriosclerosis in rabbits by the use of epinephrine, up to 1912, 
a series of papers was published by various authors describing the 


4. Josue, 0.: Coriipt. rend. Soc. de biol. 55:1374, 1903. 
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occurrence of spontaneous sclerosis in the aortae of normal rabbits, 
the highest occurrence being 34.6 per cent recorded by Miles and John- 
stone,® and 52 per cent, by Levin and Larkin.® The lesions described, 
however, were almost without exception of medial origin or limited to 
the media, and Miles and Johnstone’s photomicrographs, all of medial 
lesions, show calcification in 3 out of 4 illustrations, while Levin and 
Larkin’s ~ illustrations show medial lesions and calcification in 3 of 5 
normal animals. These statistics were used to controvert claims that 
the type of sclerosis appearing in the media in experiments with epi- 
nephrine was due to the epinephrine used. Levin and Larkin concluded : 
“It would seem, therefore, that the rabbit is not a suitable animal for 
the study of experimental arteriosclerosis.” 

The only resemblance of the arteriosclerotic lesions described by 
Miles and Johnstone and Levin and Larkin, or produced by epinephrine, 
to any form of human arteriosclerosis is to the so-called Monckeberg 
type found in the peripheral arteries and rarely in the aorta or visceral 
arteries. Monckeberg regards this as independent of true arteriosclero- 
sis, since there are slight changes in the intima and extreme changes 
in the media. It can be agreed that for the experimental production of 
this type of sclerosis the rabbit is not a suitable animal. 

In viosterol sclerosis, the viosterol apparently serves as a menstruum 
only, the radiant energy which it carries being responsible for the 
arterial lesions. These lesions are medial, as are the spontaneous and 
epinephrine-caused scleroses discussed, and have little or no relation 
to those of human atherosclerosis. 

The common type of human arteriosclerosis is atherosclerosis, which 
makes up at least 95 per cent of sclerotic lesions of human visceral 
arteries (syphilis excluded), and is primarily an intimal process, inde- 
pendent of the uncommon Monckeberg type. The intimal form of 
sclerosis is rare in younger rabbits, such as are used for laboratory 
work. Clarkson and Newburgh ® cited records of 3,024 rabbits reported 
on by several workers in experimental medicine with 10 possible exam- 
ples (0.33 per cent) of spontaneous sclerosis of the aorta which might 
be of the atherosclerotic t)'pe. If by experimental methods one can 
produce over 90 per cent of positive atherosclerotic results, it is evident 
that discussion of the possibility of spontaneous processes invalidating 
the results is futile. Moreover, if lesions are produced which cover 
a large part of the aorta in contrast to the relatively minute lesions 
described so rarely in normal animals, the importance of possible spon- 
taneous lesions becomes minimal. 

5. Miles, A. B., and Johnstone, O. P. : J. A. M. A. 49:1173, 1907. 

6. Levin, I., and Larkin, J. H. : Proc. Soc. Exper. Biol. & Med. 7 : 109, 1909. 

7. Levin, L, and Larkin. J. H.: J. Exper. Med. 13:24, 1911. 

8. Clarkson, S., and Newburgh. L. H.: Arch. Int. Med. 31:653, 1923. 
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Age to Which Rabbits Live . — The natural longevity of rabbits is 
a subject on which exact data are difficult to obtain. Breeders continue 
to use animals up to 6 years of age and even beyond, but their records 
are often unsatisfactory. Inquiry at biologic institutes brought no data 
except the record of a single animal, which was killed because senile, 
at years, by Dr. William E. Castle of the Bussey Institute of Har- 
vard University. The animals used in the present research had reached 
a maximum age of 17 months when killed. There is an apparent relation 
between the single years of a rabbit's life and the decades of a human 
life. Viewed from this standpoint our oldest animals were compara- 
tively only in their “teens.” 

CHOLESTEROL 

According to Schoenheimer,® who has carried out extensive studies 
on the sterols, cholesterol is one of the most complicated substances in 
the animal body. Apart from ergosterol, which is found in small 
amounts, it is the only sterol found in the animal body, and does not 
occur in nature except in animal bodies. It is a relatively insoluble 
substance which is highly resistant to the action of enzymes, whether 
of bacterial, vegetable or animal origin, and is the only sterol (in addi- 
tion to viosterol) which is absorbable. The many plant sterols, most 
of which have the same chemical formula as cholesterol, differ 

from it in molecular arrangement. Their nonabsorbability is apparently 
dependent on these differences. The sterols unite with fatty acids to form 
esters and tend to be associated with the glycerol fats. In mixtures 
with fats and in extracts of tissues by fat solvents the sterols are found 
in the unsaponifiable residue. Cholesterol is synthesized by the animal 
body, notably among the herbivora, but the principal human provision 
of this material comes from ingestion of the products of herbivora. 
Egg, milk and pork fats are the main sources of supply. 

Cholesterol is present in every animal cell. Of its cell functions 
Starling^® said: “In view of the great stability of this substance when 
exposed to the ordinary mechanisms of chemical change in the bod)', 
it seems probable that the part played by cholesterol is that of a frame- 
work or skeleton, in the interstices of which the more labile of the 
constituents of the protoplasm undergo the cycle of changes which make 
up the phenomena of life.” The cholesterol which is secreted with the 
bile assists in the absorption of fats from the intestine and is itself 
largely resorbed. Cholestei'ol is believed to be responsible for the imper- 
meability of cells to certain toxic agents, is the important agent resisting 
hemolysis, and is supposed to confer protective properties on cells. 

9. Schoenheimer, R.; Science 74:580, 1931. 

10. Starling, E. H. : Principles of Physiologj^ Philadelphia, Lea & Febiger, 
1930, p. 42. 
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That it highly resists infection is manifest in the constant absence of 
infection from so-called atheromatous “abscesses.” It tends to accumu- 
late in the animal body, i. e., to be stored, and its avenues of excretion 
are limited. Its metabolism appears to be influenced by thyroid 
secretion. 

All animals must have a metabolic system caring for the absorption 
and distribution of cholesterol to satisfy the requirements of their cells, 
and the herbivora at least synthesize the substance. Since herbiv- 
ora do not naturally ingest cholesterol their threshold of tolerance is 
low. It is therefore possible to overload their cholesterol metabolic 
systems more readily than is true with the carnivora, whose diet includes 
cholesterol. The limitations of time demand the experimental produc- 
tion, in a short period, of lesions that require a lifetime for natural 
production. 

EXPERniENTAL METHODS AND RESULTS 

The experiments reported here were started with rabbits 5 months 
old, some of which were kept in reserve for replacements. Cholesterol 
was fed by catheter for a maximum period of seven months. Some 
rabbits died before the end of the feeding period. At the end of this 
period all of the surviving animals except 4 were killed. These were 
allowed to live for five months after feeding ceased. For the first four 
months of the feeding period starch paste was used as a menstruum, 
the pure cholesterol being finely powdered before suspension. For 
the remaining three months sunflower seed oil was substituted as a 
menstruum, the cholesterol being dissolved (1 Gm. to 20 cc.) in warm 
oil. The dosage was gradually increased from 0.2 Gm. to a maximum 
of 1.4 Gm. dail)% six times a week, with intermissions if animals lost 
weight or were ill. A limit of tolerance at about 1 Gm. of cholesterol 
per diem was established. Be3mnd this animals tended to develop diar- 
rhea and roughness of coat, and some died. Control animals receiving 
equal amounts of sunflower seed oil without cholesterol were not 
afifected. 

The results in cholesterol-fed animals were, in general, more marked 
than the lesions described in the literature. As measured by aortic 
manifestations they were as follows: 

Four rabbits exhibited advanced atherosclerosis throughout the aorta 
with extension to its branches. Of these, 1 had been allowed to live 
five months following cholesterol feeding. 

In 8 rabbits there were continuous lesions throughout the arch with 
extension to its branches and through the thoracic portion of the vessel, 
and there were scattered lesions below this portion. Of these, 1 had 
lived five months following cholesterol feeding. 
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In 7 rabbits continuous lesions were present in the arch witli scat- 
tered foci below. Two of these had lived five months following 
cholesterol feeding. 

In 6 rabbits there were no continuous lesions, but scattered small 
lesions of atherosclerosis were found. 

In 2 rabbits which were killed during the period of starch and 
cholesterol feeding, the aortae were normal. 

Five normal controls fed starch paste and later oil. 5 controls receiv- 
ing insulin and 4 controls receiving alcohol showed normal aortae. In 
an alcohol-fed control there were 2 lucdial foci of sclerosis in the arch. 
0.3 cm. in diameter. 

One rabbit killed for observation in the early period, when starch 
paste was used as a menstruum, died at too early a date for the develop- 
ment of sclerosis. Even including this animal, in 25 of 27 rabbits fed 
cholesterol, or 92.6 per cent, atherosclerosis was produced. In 14 
controls no atherosclerosis was found. In 1 control medial sclerosis was 
present. 

Two interesting elements appear in these results. Though large 
amounts of cholesterol were fed equally to many animals, the gross 
end-results varied from small scattered lesions to extreme processes 
that included almost the whole of the aorta, parts of its branches, and 
visceral arteries, and were associated with evident hypertrophy of 
the heart. This variation in susceptibility is perhaps comparable to 
the idiosyncrasy toward atherosclerosis exhibited by human beings, who 
may die in the twenties from coronary* sclerosis or may live to the age 
of 70 or SO and show little arteriosclerosis. The absence of athero- 
sclerosis in controls that received sunflower seed oil (without choles- 
terol) in equal amounts with cholesterol-fed animals is in accordance 
with the finding of Schoenheimer and his associates that plnlosterols 
are not absorbable. 

THE LESIOXS 

It should be kept in mind that the experimental lesions present, 
in general, earlier stages in the process than are seen in most human 
material. However, progress in the study of arteriosclerosis, as is true 
in other diseases, will come from the reproduction and obseiwation of 
early lesions. The illustrations from experimental lesions in figures 
8 to 14 inclusive are from various vessels, as indicated. 

Jmhihition of Lipoid Esters . — ^The first manifestation of vascular 
lipoidosis is the appearance of the lipoid in spaces beneath the endothe- 
lium of the blood vessels. Whether this is properh' a matter of 
imbibition or the result of secretor}' activity' of the endothelial cells 
IS not known. The endothelium gives no evidence of disturbance, but is 
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lifted mechanically as the deposit occurs, together with the inner elastic 
lamina in some vessels. Some observers have reported the presence 
of fine droplets of lipoid in the endothelial cells before the appearance 
of cholesterol beneath the endothelium. Figure 8 A is 3. cross-section of a 
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Pig. 8. — A, splenic arteriole of rabbit; X300; lipoidosis. B. innominate artery 
of rabbit ; lipoid cell adhering to wall. C, carotid artery of rabbit ; X 350 ; hpoid 
macrophage invading (?) wall. Note proliferation of subendothelial connective 
tissue at this point. 

splenic artery, in which the internal elastic lamina is seen to be carried 
up with the endothelial layer. 
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The Macrophage — The Lipoid Cell . — Early in the evolution of the 
vascular processes appear cells which engulf the cholesterol esters and 
give rise to the most characteristic element in human or in experimental 
sclerosis, i. e., the large macrophage loaded with lipoid esters in fine 
or coarse droplets. The source of these cells is in question. They are 
not resting wandering tissue cells (histiocytes) which emigrate to the 
place where foreign material has accumulated. They either arise locally 
from the subendothelial layer or are invaders from the blood stream 
(monocjdes). Figure SB shows one of these cells attached to the 
wall of an innominate artery at a point where there is little evidence 



Tig- 9. Carotid artery of rabbit; X140; festooned masses of subendothelial 
connective tissue cells enclosing lipoid macrophages. 


of lipoidosis. In figure 8 C a large macrophage is apparently invad- 
ing or leaving the wall at a point tvhere lipoidosis is beginning. These 
cells are found locally, in the blood stream and in the splenic sinuses. 

Massing of Lipoid Cells . — As the disease progresses the lipoid cells 
become massed in the subendothelial connective tissue. In the experi- 
rnental form the layers of cells ma}’^ be multiplied into hillocks which 
distort the lumen of the vessel. The cells are separated b}" delicate 
partitions of connective tissue, though more than one cell may occup}’’ 
a compartment in the connective tissue. The picture when cell groups 
are excessive m the rapid early experimental process is shown in figure 
9. The slower standard experimental lesion is illustrated in figure 10 A. 
The cells are large globular structures, and sections are unlikely to 
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include the nucleus in each cell of a group. Figure 10 B shows lipoid 
cells grouped beneath the endothelium in a human coronaiw artery. 



Fig. 10 — A, innominate artery of rabbit, X300; subendothelial masses of 
lipoid cells. B, human coronary arterj ; X 350 , lipoid cells beneath endothelium. 


Deep Invasion by Lipoid Cells . — As the process ages it is common 
to find deeper invasion by some of the lipoid cells as fibrosis of the 
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inner layers takes place. This is illustrated in figure 11 -d. Avhile figure 
11 S show's focal invasion of the media in a. human coronan' arteiw. 



Fig. 11. A. carotid arter\ of rabbit; internai fibrosis: deeper, lipoid 

cel B. human coronary arter\- : X 25 : focal invasion of media by lipoid cells. 


Sf-hfiuig of Li fold Esters. — ^\Mien lipoid cells accumulate, even in 
isolated groups, necrosis of the cells tends to occur. The early stages 
are marked by tlie breaking down of the CAtoplasm and the fusing of 
the esters, which have existed in fine droplets, into larger drops. This 
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is followed by the splitting of the esters and the freeing of cholesterol in 
crystal form. This picture is found in the rabbit lesions usually in 
regions where larger accumulations of lipoid cells are undergoing 
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Fig. 13. — A, innominate artery of rabbit; XlOO; beginning fibrosis in mid- 
portion of nodule of lipoid cells, before formation of dense fibrous tissue. B, 
human coronary artery in case 3 ; X 130 ; fibrosis replacing lipoid cells. 

amounts of cholesterol into a susceptible animal. Its appearance (figure 
12) corresponds closely, on a smaller scale, to the human lesion illustrated 
in figure 7 D. 
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pjg_ 14 . — A, subclavian artery of rabbit; X 50; eccentric fibrosis. B, sub- 
clavian artery of rabbit; X 21 : concentric fibrosis. 
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Fibrosis . — The standard progressive change in the rabbit is fibrosis. 
When the accumulation of lipoid cells has reached a certain degree, 
young fibroblasts appear and replace the cells. This replacement is 
total, including the lipoid cells, their contents and the supporting tissue. 
It is unaccompanied in general by the splitting of the esters, though 
occasionally small deposits of cholesterol cr\'stals are found. An early 
stage of fibrosis is seen in figure 13 A. A central island of fibroblastic 
tissue is invading and replacing the new lipoid tissue. Figure 13 B, a 
comparable picture, is from a branch of the human left coronary arter>' 
in case 3. The human lesion is older, and the mass of tissue in the 
center is fibrous, but fibroblastic cells are active on the sides. 

In both rabhit and man the formation of fibrous tissue is more 
frequently diffuse than local, the delicate strands between the lipoid 
cells becoming thicker as the lipoid cells disappear. 

The result of fibrosis, which tends to progress pari passu with the 
occurrence of lipoid cells, is the formation of fibrous masses distorting 
and narrowing the lumen of the vessel. Eccentric fibrosis is illustrated 
in figure 14 A and concentric fibrosis in figure 14 B. The fibrous tissue 
in the experimental lesions that I describe was largely limited to the 
intima, but Wolkoff described, with reproductions, advanced lesions 
in which the fibrous tissue had invaded tlie media in rabbits allowed to 
live for years following the cessation of cholesterol feeding. 

III. COI^IPARISON OF HUMAN AND EXPERIMENTAL RABBIT 
ATHEROSCLEROSIS IN THE CORONARY ARTERIES 

(All of the illustrations which follow are from coronary arteries, 
save figure 21.) 

The lesions of human coronary sclerosis reported in part I were 
observed in advanced cases which terminated in death. In the secondary 
branches of the coronary arteries from some of these cases early lesions 
(e. g., fig. 13 S) were found. In general, however, the human process 
is of so slow evolution that initial or early processes are hard to find. 
Search for the earliest processes was finally successful in the left 
coronar}’’ arteries of infants who died in the early days of life from 
congenital heart disease. The burden thrown on the myocardium in its 
effort to keep up a circulation under the handicap of developmental 
faults causes unusual stresses on the coronar}'^ arteries, with resulting 
lesions. These have supplied illustrations of the earliest natural proc- 
esses found. 

Figure 15 A from the coronary artery of a rabbit illustrates lipoidosis, 
which is the first stage in the process. In the larger vessel, the descend- 
ing branch of the left coronary arterjq there is a deposit of lipoid 
under the endothelium at one point; a more massive deposit is shown 
in the two branches above. 
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Fig. 15.—^, coronary artery of rabbit: X 120; lipoidosis, focal in main vessel 
and general in branches. B, human coronary artery at 3 days of age; X 1^0: 
lipoidosis and lipoid cells. 
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Fig. 16. — A, coronarj" artery of rabbit ; X 120 ; early lesion with lipoid cells 
below and early fibrosis above. B, human coronary artery at 33 days of age ; 
X 85 ; early fibrosis ; elastica largely absent under lesion. 
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Figure 15 B is from the left coronary artery of a blue baby who 
died three days after birth. At postmortem examination there was 
found pulmonary and tricuspid atresia with cor triloculare. The vessel 
shows diffuse subendothelial lipoidosis, and lipoid cells are present 
at each end of the affected region. In figure 16.^ from the coronary 
artery of a rabbit two stages in the evolution of the characteristic lesion 
are seen. On the lower side is a relatively early process in which lipoid 
cells are moderately abundant. On the opposite surface is a cellular 



Fig. 17. — Human coronar}" artery at 14 years of age; X60; formation of 
irregular buffer layer. 


fibrous lesion resembling closely that seen in the buffer layer of the 
normal coronary arter}'. Figure 16 B is from the left coronary artery 
of an infant with mongolism and also an imperforate anus which was 
successfully Pperated on. Death occurred thirty-three days after birth. 
Postmortem . examination disclosed defective auricular and ventricular 
septums and a patent ductus arteriosus. .The figure shows a subendo- 
thelial fibrous lesion along the lower edge of the lumen. The prominent 
internal elastic lamina is lost under the new tissue in the right lower 
quadrant. Figure 17, which is from a branch of the normal left coronary 
artery of a boy aged 14, reveals the irregular distribution of the sub- 
endothelial tissue in the buffer layer, which has not yet reached the 



LEARY— ATHEROSCLEROSIS 


rs 




1 






■y '^ i . 


m 


Fig. 18. — A, coronary artery of rabbit; X300; lipoidosis with concentric 
fibrosis. B, coronary artery of rabbit; X300; advanced fibrosis in small branch 
with intact, though flattened, elastica. 
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Fig. 20. — A, heart of rabbit; X 17; frozen section, stained with sudan IV; late 
lesion in main vessel; lipoidosis of branches. B, coronary artery of rabbit; X 120; 
eccentric fibrosis in descending branch; narrowing of lumen of auricular . branch 
above. C, section of cardiac auricular wall of rabbit; X 150; myocardial atrophy 
and repair. 
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perfection of the layer of regular thickness found in the main vessel. 
The fibrous tissue making up this layer corresponds in its details with 
that seen in the upper lesion in figure 16.^4. A concentric lesion pro- 
ducing marked narrowing of the lumen, but still rich in lipoids, may 
be seen in figure 18 A and an eccentric, more fibrous process in figure 
18B. 

As the fibrous tissue ages secondary fatty metamorphoses arise, 
and necrosis of the intimal tissue may occur. In figure 19 A and B are 
shown frozen sections stained with sudan IV and hematoxylin. The 
rabbit lesion (A) exhibits an eccentric fibrosis with secondary fatty 
changes. The human lesion (B) is more advanced, but the fundamental 
character of the lesions is similar in all respects. 

The cyclic character of the atherosclerotic process is suggested by 
the occurrence of comparatively recent lipoidosis in the smaller branches 
of the left coronary arter}'’ of a rabbit (fig. 20 A) in contrast to the 
advanced lesion in the main vessel, as illustrated in figure 19 A. This 
rabbit had received no cholesterol for five months before its death. 
The lipoidosis in the splenic arteriole seen in figure 8 A was from 
another animal which had been allowed to li^'e five months after 
cholesterol feeding had ceased. 

SECONDARY EFFECTS 

A common end-result of human coronary sclerosis is focal atrophy 
of the heart muscle and replacement fibrosis (so-called chronic myo- 
carditis). In figure 20 B fibrosis of a larger branch of the coronary 
artery of a rabbit is seen with marked narrowing of the auricular 
branch above it. Section of the auricular wall disclosed focal atroplty 
of the heart muscle and repair (fig. 20 C). 

VARIATION IN AORTIC LESIONS 

Three rabbit hearts and aortae are shown in figure 21. The central 
heart and aorta were obtained from a normal rabbit of certified age 
killed when 7 years and 1 month old, i. e., approaching senility. The 
aorta shows no lesions. For comparison, below it, are the heart and 
aorta of rabbit 29. killed when 12 months old, after being fed 128.8 
Gm. of cholesterol over a period of seven months. There is a diffuse 
atherosclerosis of the arch with patches about the intercostal orifices 
and there are larger foci in the abdominal portion of the vessel. In a 
word, there is a mild to moderate atherosclerosis of the vessel. The 
upper heart and aorta are from rabbit 32, which was found dead. It 
had been fed 1.4 Gm. of cholesterol on the day before and had ingested 
a total amount of 113.8 Gm. of cholesterol. When this rabbit was 
found its fur was soiled with a diarrheal discharge. In the vessel 
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there is a massive atherosclerotic process extending continuously from 
the aortic ring to the lower abdominal region. That there was a 
difference in the ability of rabbits 29 and 32 to metabolize cholesterol 
there can be no question. 

DEATH OF A RABBIT FROM CORONARY INSUFFICIENCY? 

In figui-e 22 is reproduced a section of the aorta and the left coronary 
artery at its origin from rabbit 32. The aorta shows little change at 
this point. The contrast between the thick aortic media and the thin 
coronary wall is striking. There is also indicated the sharp curve which 
the left coronary artery takes as it leaves the aortic wall in its descending 



Fig. 21. — Hearts and aortae of rabbits. See text. 


course. This curve is sharper than that taken by the human left 
coronary artery but is of similar character. The coronary lesion, still 
rich in lipoid cells, has narrowed the lumen of the vessel to a high 
degree. If a lesion of similar degree were discovered in the left coronary 
artery of a human being who was found dead with evidence of indiges- 
tion there is little doubt that the cause of death would be properly 
referred to coronary sclerosis and insufficiency. 


CONCLUSIONS 

From the comparative stud)’- of human and rabbit atherosclerosis the 
following conclusions are drawn: 1. The lesions of human athero- 
sclerosis can be reproduced in the rabbit by the feeding of cholesterol. 
2. The fibrosis which is characteristic of human coronary lesions in 
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the young is the characteristic lesion in cholesterol atherosclerosis in 
young rabbits. Fibrosis is therefore a reaction of 3 ^outh and not of 
species. 3. The evolution of the lesions through lipoidosis, lipoid cell 
formation and fibrosis, more rapidly produced in experimental animals, 
can be followed in greater detail in these animals than in human lesions, 
in which progress is so slow that the stages in the progi'ession are dis- 
tinguished with difficulty. 



Fig. 22. — Aorta with left coronar 3 '- artery of rabbit ; X 65. 


COMMENT 

Any metabolic agent capable of producing atherosclerosis must have 
been an article of diet from early times, since atherosclerosis has been 
found in mummies.^^ One thinks of cholesterol in terms of blood or 
bile cholesterol. This, however, is only the mobilized cholesterol. The 


11. Ruffer, M. A.: J. Path. & Bact. 15:451, 1911. 
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substance is a necessary part of ever_y animal cell, forming’, from 
Starling’s concept, the stable groundwork of the cell cytoplasm. As far 
as an}'^ one knows no cholesterol is synthesized by the human body. All 
of the supply is ingested. The most urgent demands for it come at 
times of most rapid cell formation. Egg yolk is intended for the 
embryo. ]\lilk is intended for the infant. It is interesting to note that 
Wells, in his “Outline of History,” records that it was relatively late 
in the evolution of primitive man that he developed what Wells calls 
“the rather unnatural use of animal’s milk as food.’’ The high blood 
cholesterol found in pregiiaiit women marks the mobilization of this 
substance for the needs of the fetus in utero. Man is the only animal 
that ingests eggs and milk throughout its lifetime. jMan is also the only 
animal, as far as is known, which dies in early life from coronary 
sclerosis, and which acquires atherosclerosis almost universally in 
advanced life. 

That cholesterol, which is so highly insoluble, is modified during 
metabolism by union with other lipoids is probable from the work of 
Kimmelstiel.^- Lipoid combinations which can be shown in vitro to 
increase the solubility of cholesterol were isolated by him from athero- 
sclerotic aortae. It was only where atheromatous “abscess’’ formation 
had occurred, with the precipitation of cholesterol crystals, that a very 
high, almost exclusive cholesterol content was found. The absorptiotr 
from the intestine and distribution of cholesterol in the body apparently 
depend on the combination of this sv\bstance with other lipoids. The 
failure to produce atherosclerosis in rabbits following intravenous injec- 
tion of the pure substance may be due to this factor. 

As one studies human atherosclerosis the analog}' of the disease 
to diabetes repeatedly suggests itself. It is true that sugar is one of 
the most soluble and combustible food substances, and that its per- 
manent storage in the body does not occur, while cholesterol is not 
combustible, its avenues of excretion are limited, and it tends to be 
stored. However, as in diabetes, marked variation in idiosvncrasy to 
tbe substance seems to exist. As in diabetes, the inheritance of a poor 
cholesterol metabolism appears to be associated with the tendency to an 
early death from coronary sclerosis. As in diabetes, advancing age, with 
the development of inefficiency of the cholesterol metabolism, appears to 
be associated with more frequent late manifestations of the disease. 
Finally, as in diabetes, an internal secretion, in this case that of the 
thyroid gland, appears to control the experimental iwoduction of athero- 
sclerosis. 

Recent human experience in diabetes supports the experimental 
findings in rabbits following cholesterol feeding. During and following 

12. Ivinimelstiel. P.; '\qrcho\vs Arch. {. path. .\nat. 282:402, 1931. 
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the period when diets excessively rich in fat were used in the treat- 
ment of diabetes there was so great an increase of atherosclerosis that 
Shields Warren wondered whether the increase was due to the diabetes 
or to the treatment of the disease. Roentgen examination of the legs of 
some of the children treated disclosed evidence of calcified atherosclerotic 
arteries, and xanthomas were common. Recent reports from the Joslin 
clinic indicate that under a diet of lower fat content in the treatment 
of diabetes xanthomas no longer appear and roentgen evidence of calci- 
fied arteries in the legs of the children is lacking. 
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Under the generic designation Bacteroides Castellani and Chalmers,^ 
in 1919, brought together a rather large group of anaerobic, nonsporu- 
lating bacilli which previously had been without systematic classification. 
The generic name Bacteroides proposed by these investigators was 
adopted by a committee of the Societ}- of American Bacteriologists and 
given a place in their st'stematic classification, as recorded in “Bergey’s 
Jilanual of Determinative Bacteriology.” - According to the manual, the 
characters of the genus are: “Motile and nonmotile rods, without 
endospores. Show good growth on ordinarj' culture media; without 
pigment formation. Obligate anaerobes.” Seventeen species are listed ; 
ten are gram-positive, and seven, gram-negative. The species enumer- 
ated are described as normal inhabitants of the intestinal tract of man 
and as the cause of suppurative and gangrenous infection in man. 

Veillon and Zuber," in 1898, were apparently the first to describe 
anaerobic organisms of this type and to point out their importance. 
The\' obtained several species from cases of appendicitis and other sup- 
purative conditions, to which they gave the name Bacillus ramosus. 
Bacillus serpens. Bacillus fragilis. Bacillus furcosus and Bacillus fusi- 
formis. Halle,’ at about the same time, confirmed this work by finding 
similar organisms in the vaginal flora and in suppurative conditions 
about the genital tract of the female. He introduced a new species. 

From, the Department of Pathologic Anatomy, the ilaj'o Oinic. 

1. Castellani, AJdo, and Chalmers, A. J. : ilanual of Tropical ^Medicine, ed. 3, 
London, Bailliere, Tindall & Co.x, 1919. 

2. Bergej', D. H., and others : Eergey’s Manual of Determinative Eacteriol- 
ogy, Baltimore, M'illiams & Wilkins Company, 1925. 

3. \'eillon. A., and Zuber: Arch, de med. exper. et d’anat. path. 10:517, 1898. 

4. Halle, J., quoted by Teissier, Reillv, Rivalier and Stefanesco: Ann. de 
med. 30:97, 1931. 
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which because of its extreme pleomoi-phism was called Bacillus funcluli- 
formis. Rist ® and Guillemot, Halle and Rist ® isolated forms similar 
to those described by Veillon and Zuber and by Halle from pulmonary 
abscesses, emp3"ema and infected ears. Cottet ‘ described these organ- 
isms as the cause of phlegmonous periurethral infections; Gilbert and 
Lippmann,® as one of the causes of cholecystitis, and Gohn and Sachs,” 
as an etiologic factor in peritonitis. The work of these pioneer investi- 
gators has been confirmed by many others, a review of whose studies 
appears in the article by Teissier, Reilly, Rivalier and Stefanesco.^® Of 
equal importance are the observations of Tissier,^^ Distaso,^- Debono 
and Eggerth and Gagnon that organisms of this group are found 
frequently, and even predominate, in the flora of the normal intestinal 
tract of man. 

In 1931 and 1932,^® Thompson and one of us (Beaver) I'eported 
two fatal cases of bacteremia due to gram-negative species of Bac- 
teroides. The organism was identified in one case as Bacteroides 
fragilis, and in the other, as Bacteroides funduliformis. Infection was 
apparently primar}’^ in the genito-urinar)' tract of the male patient, with 
pulmonary abscesses secondary to the bacteremia. Although only two 
cases were reported, it was stated that similar organisms had previously 
been encountered in blood cultures in several cases, but that at the time 
of their appearance their significance was not recognized. Among these 
cases were two instances of carcinoma of the colon. A review of the 
literature during the period of these investigations revealed reports of 
ten instances of bacteremia due to gram-negative species of Bacteroides. 
In addition, a gram-positive species, Bacteroides ramosus, had been 
recovered in blood cultures. 

Nonsporulating anaerobic bacilli of the genus Bacteroides in rare 
instances have been reported as the etiologic agents in hepatic abscesses. 
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6. Guillemot, Louis; Halle, Jean, and Rist, Edouard: Arch, de med. exper. 
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Norris/' in 1901, described a fatal illness due to multiple abscesses of 
the liver. There was an associated pylephlebitis, which suggests that 
the infection arose from within the distribution of the portal circulation. 
Two etiologic agents were described in this case: first, an anaerobic 
streptococcus similar to Micrococcus fetidus of Veillon, and second, 
an anaerobic bacillus similar to those which Veillon and Zuber had 
described as the causal factors in other suppurative processes. Harris,^® 
in 1905, recorded a fatal illness characterized by multiple abscesses of 
the liver, lungs and spleen. The etiologic agent in this case was like- 
wise recognized as similar to the anaerobic bacilli which had been 
described by Veillon and Zuber. Harris named the organism Bacillus 
mortiferus. Teissier, Reilly, Rivalier and Stefanesco, in 1931, reported 
four cases of bacteremia due to Bacteroides funduliformis. In one 
case the principal localization of the infection, probably the source 
of the bacteremia, was in the liver, where at necropsy multiple abscesses 
were found. 

In a previous publication on hepatic abscesses by one of us (Dr. 
Beaver^”) it was stated that staphylococci and streptococci were the 
usual etiologic factors. To these and other organisms enumerated 
should be added, apparently in a conspicuous position, members of the 
genus Bacteroides. 

CLINICOPATHOLOGIC STUDY 

We recently had the opportunity of studying two cases of abscesses 
of the liver in which Bacteroides funduliformis was identified as the 
etiologic agent. It seemed desirable to us that these cases be placed on 
record, since abscesses of the liver due to Bacteroides funduliformis 
have rarely been reported, and since they are expressions of infection 
with Bacteroides which are distinctly different from those previousl}' 
reported from this institution. 

In case 1, the primary lesion consisted of an infected, ulcerating 
carcinoma of the rectum, with metastasis to the regional lymph nodes, 
liver, lungs and left suprarenal gland. In the region of the rectal 
carcinoma, some veins were invaded by the growth and others were 
thrombosed. In some instances the thrombi were infected. Portal 
thrombosis and abscesses of the liver, closely associated with the 
metastatic carcinomas, were the terminal complicating factors. For 
obvious reasons it may be assumed that the hepatic abscesses and the 
hepatic metastatic growths of carcinoma arose through the same channel 
of dissemination, namety, from the rectum through the portal circulation. 

17. Norris, Charles: J. M. Research 6:97, 1901. 

IS. Harris, N. M. : J. Exper. Med. 6:519, 1905. 

19. Beaver, D. C.: Am. J. Path. 7:259. 1931. 
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In case 2, no primaiy localization of the infection could be found 
at necropsy. The hepatic abscesses, however, had the general char- 
acteristics of abscesses disseminated by way of the portal circulation. 
They were large, somewhat multilocular and confined within the ri?ht 

o 

lobe of the liver. It is probable, although not proved, that the hepatic 
abscesses in this case arose from a cryptic focus somewhere in the 
colon, appendix or rectum. 

REPORT OF CASES 

Case 1. — A man, aged 64, for three months had had symptoms which were 
characteristic of rectal carcinoma. Proctoscopic e.xamination and biopsy confirmed 
the diagnosis. A permanent left inguinal colonic stoma was made. Convalescence 
was uneventful until the seventeenth postoperative day, when there was a sharp 
rise in temperature to 102 F., with a pulse rate of 120 beats per minute. The fever 
continued as an irregular t 3 ^pe, with morning remissions to a temperature of about 
99 F. and afternoon rises to 100.2 or 102 F., and there were occasional chills. The 
patient became jaundiced; the bilirubin content was from 7.9 to 11.5 mg. per hun- 
dred cubic centimeters of serum, and the van den Bergh reaction was direct. The 
number of leukocytes ranged from 19,600 to 25,900 per cubic millimeter of blood 
The course was characterized bj’^ persistent, irregular fever and gradual decline, 
and the patient died three weeks after the fever began. 

At necropsy the recent right rectus incision made for colostomy was well 
healed and in good condition. The peritoneal cavity contained 2,000 cc. 
of clear, light j^ellow fluid. The rectum revealed a large, annular poly- 
poid, ulcerated and infected carcinoma. Metastasis had occurred to the regional 
fascia and lymph nodes and also to the aortic lymph nodes and the liver, lungs 
and left suprarenal gland. The liver weighed 3,670 Gm. It was greenish brown. 
The surface was nodular, the nodules having an appearance typical of metastatic 
carcinoma. The central portions of the nodules were usually firm and umbilicated, 
but in some nodules these areas were elevated and soft. Nodules were abundantly 
present throughout all parts of the liver. Those with softened central parts were 
revealed as metastatic carcinomas with central suppuration. The pus had a mildly 
disagreeable, rancid odor and was j'^ellow. The extrahepatic and intrahepatic por- 
tions of the portal vein were thrombosed. In neither the wall of the vein nor 
the thrombus was there evidence of suppurative inflammation. Other organs were 
essentiallj’^ normal. 

Microscopically, the rectal neoplasm rvas a malignant epithelial cell growth, 
composed of newly formed, at 3 'pical glandular acini in polypoid formation. The 
surface of the growth was ulcerated and covered by a pseudomembrane, consisting 
of pobTOorphonuclear leukocytes, serum, fibrin and necrotic cellular detritus. The 
growth had extended into the muscularis, the surrounding fatt 3 ’- areolar tissue and 
some of the veins. In other veins there were thrombi in which were seen areas 
of necrosis with dense collections of poh'morphonuclear leukoc 3 'tes. The liver 
exhibited rather intense sinusoid congestion, frequently with central atrophy and 
necrosis. Sections of the nodular portions disclosed a malignant epithelial neo- 
plasm, similar in appearance to the rectal carcinoma. The walls of the abscesses 
were composed of an outer zone of metastatic carcinoma and an inner zone of 
fibrous connective and granulation tissue; the more peripherally situated tissue 
consisted of rather dense, mature fibrils, whereas the inner portion was composed 
mostly of fibroblasts and young blood vessels. Throughout the walls were present 
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also polymorphonuclear neutrophilic leukocytes, lymphocytes and large mononu- 
clear phagocytic cells. Within, the neutrophilic leukocytes gradually became pre- 
dominant until the central zone of suppuration was approached. Here only 
polymorphonuclear neutrophils, fibrin, coagulated serum and necrotic detritus were 
found. More centrally the exudate was almost entirely necrotic. The abscesses 
were formed either entirely within a metastatic tumor nodule or at its side. Sec- 
tions of the portal vein revealed a recently formed, bland thrombus, the peripheral 
portions of which were being organized. Metastatic carcinomatous nodules having 
a structure similar to that of the nodules in the rectum and liver were also found 
in the lymph nodes, lungs and left suprarenal gland. None of these nodules was 
infected. 

Case 2. — A man, aged SO, about Jan. 27, 1933, contracted what he thought was 
influenza. On February 9, he was seen by phj’^sicians of the Ma}^ Clinic. He 
complained of having vague pains in the right lower part of the thorax anteriorly 
and in the right upper quadrant of the abdomen, with cough, fever and weakness. 
On February 7, he had had a chill. Physical examination revealed him to be well 
developed, poorly nourished and dehydrated. He was breathing rapidly and was 
somewhat dyspneic. Examination of the thorax disclosed no definite limitation 
of movement on either side and no definite impairment of resonance, but the breath 
sounds seemed to be suppressed over the bases of both lungs, and a few crackling 
rales were heard over the base of the right lung. The abdomen was held rigid, 
and some tenderness was elicited on palpation below the right costal margin. The 
liver was not palpable. The temperature was 102 F. ; the pulse rate, 96 beats per 
minute, and the blood pressure, 130 mm. of mercury systolic and 100 mm. diastolic. 
Roentgenologic examination of the thorax revealed bilateral elevation of the dia- 
phragm and infiltration of the right cardiophrenic angle. The concentration of 
hemoglobin was 13.3 Gm. per hundred cubic centimeters of blood, and the leuko- 
cytes numbered 14,300 per cubic millimeter of blood, 90 per cent being poly- 
morphonuclear neutrophils, 6 per cent, lymphocjdes, and 4 per cent, monocytes. 
The fever became distinctly septic and was associated with severe chills and 
sweats. There were extreme variations between morning and afternoon tempera- 
tures, as recorded in figure 1. Leukocytosis persisted, the white cell count varying 
between 13,900 and 55,300 per cubic millimeter of blood; usually the count was 
more than 25,000, with about 90 per cent polymorphonuclear neutrophils in the 
differential smear. In two blood cultures there was no growth of micro-organ- 
isms. Mild icterus developed a few days before death. The course was charac- 
terized by progressive weakness, with gradual decline, and death occurred on 
March 7, 1933, forty days after the illness began. 

At necropsy, several small, sharply demarcated nodular regions were found in 
the lower lobes of both lungs; these had a grayish-white, caseous center and a 
hemorrhagic periphery. The central portion of some of these had undergone sup- 
puration, forming abscesses from 1 to 1.5 cm. in diameter. The liver weighed 
3,190 Gm. The capsular surface was brownish red and generally smooth and 
glistening. Some portions rose above the general contour of the surface as nodular 
areas of irregular size which fluctuated on palpation. Throughout the right lobe 
there were multiple multilocular and unilocular abscesses. The pus had a mildly 
putrid, somewhat acrid odor and was thick and greenish yellow. In the periphery 
of the abscesses it was often more caseous than purulent. The abscesses varied 
111 diameter from 0.5 to 10 cm., the smaller ones being arranged in clusters about 
the walls of a larger one, thus giving the area around the large abscess a multi- 
locular appearance whereas the central abscess itself was almost entirely unilocu- 
lar. There were no other significant pathologic changes. 
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Microscopically, in the lower lobes of the lungs there were small focal zones 
of bronchopneumonia. In other parts there were small abscesses from the central 
portions of which alveolar structures had disappeared and had been replaced by 
dense collections of polymorphonuclear neutrophilic leukocytes and also by zones 
of necrosis. In the exudate from the peripheral zone especially there were masses 
of bacteria which stained faintly with hematoxylin. In some sections there were 
only focal areas of hemorrhage. In the hepatic abscesses the exudate was com- 
posed centrally of granular, faintly eosin-stained, almost acellular material, but 
nearer the periphery it appeared as definite collections of fairly well preserved 
polymorphonuclear neutrophilic leukocytes, though areas of necrosis were still 
present. In this zone there were also many masses which stained faintly with 
hematoxylin — apparently colonies of micro-organisms. A few fibroblasts, newly 
formed capillaries, lymphocytes and large mononuclear phagocytes were also asso- 
ciated with this zone. In the abscess wall proper, connective tissue gradually 
became more dense, being at first predominatingl 3 ’’ fibroblastic with a few newly 



Fig. 1 (case 2). — A typical portion of the record of the temperature and the 
pulse rate from the twenty-eighth to the fortieth daj' of illness. Death occurred 
on the twenty-seventh day after admission and the fortieth day after the illness 
began. 

formed capillaries and being transformed gradually into a peripheral encircling 
zone composed of mature fibrous connective tissue. Intermingled with the fixed 
tissue of the abscess wall there were a few polymorphonuclear neutrophilic leuko- 
cytes and a greater number of lymphocjdes and large mononuclear phagocytes. 


CLINICAL STUDY 

On the basis of a review of cases reported in the literature and of 
personal experience, infections due to Bacteroides funduliformis and 
other species impress us as being worthy of serious consideration. This 
is true not only because infections of this type seem not to be rare 
but because they are serious and apparently often, if not usually, fatal. 

So far as clinical manifestations of the pathogenicity of Bacteroides 
are concerned, there are no definite dififerential diagnostic points which 
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set this type of infection off from other severe pyogenic reactions. 
Blood cultures frequently become positive during the course of illness, 
but not always early; they should therefore be repeated if bacteremia 
is suspected. When positive, they serve as a means of identifying the 
type of infection. The symptoms and physical signs which are evoked 
naturally depend primarily on the points of localization. If there are 
distinctive features, however, they may be found in extreme toxic 
manifestations, as expressed by a high, septic type of fever, associated 
with chills, perspiration and a profound state of weakness progressing 
to exhaustion. These signs may he extreme and disproportionate to the 
actual physical expression of infection. The primary as well as the 
secondary points of localization may remain more or less obscure. 

With the occurrence of infection of the liver, there were the usual 
clinical evidences of hepatic suppuration, which were expressed not only 
by the regional physical findings but by the high, irregular type of fever, 
with marked morning remissions and high afternoon exacerbations. 
There were associated chills and perspiration, with .systemic evidence of 
severe toxicity and terminal jaundice. There was also marked leuko- 
cytosis, with polymorphonuclears predominating. 

The pulmonary complications which accompanied one of the cases 
reported here were similar to those which Thompson and Beaver previ- 
ously described. They consisted of septic infarction, bronchopneumonia 
and abscesses. Guillemot, Halle and Rist and recently Cohen have 
emphasized the pulmonic manifestations of infection with Bacteroides, 
particularly stressing putrid or gangrenous pulmonary abscesses and 
empyema. Pulmonary lesions may be only terminal embolic phenomena, 
appearing after an already established infection has provoked severe 
reaction. The emboli may invade the lung from primary and secondary 
situations elsewhere, as they did in case 2, or they may occur early in 
the course of illness, representing the secondary embolic localization 
of the infection from a primar)’^ situation elsewhere, as they did in the 
cases described by Thompson and Beaver. In the experience of others, 
pulmonary infections may be primary, apiparently the result of aspi- 
ration, and may lead to putrid and gangrenous pneumonia, abscesses 
and empyema. 

PATHOLOGIC STUDY 

In our studies the primary lesions in infections with Bacteroides 
were found cither in the genito-urinary tract, as previously reported by 
Thompson and Beaver, or in the colon, as in the cases reported here. 
They have been described by others as occurring in other portions of the 
body, as enumerated at the beginning of this paper. The colonic lesion 
may occur at the site of ulcerating carcinoma, as in case 1, or from 

20. Cohen, John; Arch. Surg. 24:171, 1932. 
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some unrecognized focus, as in case 2. In the latter instance the 
assumption that a lesion existed in the colon is only presumptive, 
although there is some support for this conclusion. If the primary 
lesion is colonic, it is within the distribution of the portal circulation, 
and secondary manifestations of embolic hematogenous dissemination 
will be found in the liver, as they were in the cases reported here. 
If the primary lesion is low in the rectum, the direct dissemination of 
the infection may be through the caval circulation, with secondary 
embolic manifestations in the lungs. This was apparently also the route 
of dissemination of the infection from primar}’- localizations in the 
prostate gland and urinary bladder, as previously referred to in the 
cases reported by Thompson and Beaver. If secondary infection results 
in the liver, the lungs and other tissues eventually may become involved 
as the bacteremia becomes established in the pulmonary and general 
circulation, as in our case 2 ; likewise, if the secondary localization is 
pulmonic, other organs may become involved as the bacteremia invades 
the general circulation. In the cases reported by other investigators 
the infection has sometimes had a more widespread dissemination than 
we have seen, involving the lungs, pleura, liver, kidneys and skin. 

Bacteroides funduliformis and other pathogenic species are probably 
normal inhabitants of the oral and pharyngeal cavities, and most 
assuredly of the intestinal tract, as similar species have been found 
there by other investigators. Just how and why these organisms 
become pathogenic is unknown, but it may be assumed that while in their 
natural saprophytic existence they ordinaril}^ cannot evoke inflammatory 
reactions, as soon as local injury occurs or they become trans- 
ported to tissues elsewhere which by nature do not favor the sapro- 
phytic existence of bacteria they become distinctly parasitic and provoke 
a profound toxic reaction. Teissier and his co-workers felt that the 
primary localization of this type of infection may be pharyngeal. This 
might account for the frequency with which the organisms have been 
found in pulmonary abscesses and emp 3 '-ema. Infection of the intestinal 
tract and structures in close anatomic relationship seems to make it evi- 
dent that' the primary focus may be in these structures. This opinion 
is supported by the finding of organisms of this genus as one of the 
dominant t 3 ’pes of organisms in the intestinal flora. It receives further 
support from the occurrence of infection of certain portions of the 
intestinal tract and of the male and the female genital tract and from 
the finding of abscesses of the liver caused b 3 ^ Bacteroides coexistent 
with metastatic colonic carcinoma, as in our case 1. 

The pathologic anatom 3 ^ of infection with Bacteroides as revealed in 
the liver and lungs in our cases was somewhat distinctive. The abscesses 
in the liver were large, with a tendenc 3 ' to be multilocular, especially in 
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the peripheral portion (fig. 2 A). The exudate was thick, tenacious and 
usually distinctly purulent, although in smaller lesions it tended to be 
caseous. The exudate was from white to light yellow or greenish yel- 
low, and it emitted a peculiar, mildly putrid or acrid odor sometimes 
resembling the odor of butyric acid. The abscesses were usually well 
encapsulated by fibrous connective tissue, in which newly developed 
vascular channels formed a prominent part. Most of them were chronic 
(fig. 2B). In the exudate, polymorphonuclear neutrophilic leukocytes 



Fig. 2 (case 2 ). — A shows large multilocular and unilocular abscesses in the 
right lobe of the liver. B, a microscopic view of an abscess. Numerous colonies 
of micro-organisms are prominent (hematoxylin and eosin ; X 100) . 


predominated. The fixed tissues in the region of the infection, as well 
as the exudate itself, were partially necrotic. In the lungs the lesions 
had the appearance of small, septic or bland infarcts, abscesses or 
patches of bronchopneumonia. Usually the lesions were solid, firm and 
grayish or of a hemorrhagic color. The grayish nodules appeared as 
solid regions of necrosis, somewhat caseous. All transitional forms 
existed to small abscesses with definite suppuration. Large, putrid or 
gangrenous abscesses in the lungs, with putrid empyema, such as have 
been reported by others, were not observed. Such lesions as these are 
apparentl)'’ primary in the lung and usually the result of aspiration. 
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Priniaiy lesions of the genito-urinar}'- tract and colon, as we have 
observed them, are less distinctive, since the bacterial flora in these 
situations has always been mixed. 

Abscesses of the liver caused b}'^ Bacteroides funduliformis must be 
distinguished from amebic abscesses, actinomycotic abscesses and 
abscesses due to other p3'-ogenic micro-organisms, such as staphylococci 
and streptococci. Grossly, they all bear a superficial resemblance to one 
another, although there are certain features which may serve to dis- 
tinguish them. Amebic abscesses are usually solitary and unilocular 
and associated with amebic colitis, although the lesions in the colon 
may be healed. Actinomycotic abscesses, as a rule, have heavy fibrous 
and granulomatous tissue capsules, frequentty with associated sinus 
tracts. Abscesses of the staph3dococcic or the streptococcic t3’pe more 
often are associated with suppurative p3dephlebitis and have a more 
distinct multilocular or honeycomb appearance, similar to that of the 
abscesses caused by Actinomyces. The final differential diagnosis is 
dependent on microscopic and bacteriologic examinations. Of course, 
amebic colitis ma3'' be i^receded or followed by infection of the colon 
with pathogenic bacteria or vice versa. This possibility must be con- 
sidered in connection with organisms of the genus Bacteroides. How- 
ever, in the cases of abscesses of the liver caused by Bacteroides which 
we have studied, no .evidence of primaiy or secondary amebic infection 
has been found. 

BACTERIOLOGIC STUDY 

The bacteriolog3'^ of Bacteroides is the particular obstacle which has 
led to the relative lack of recognition of this type of infection for so 
long. The organisms are obligate anaerobes, and the pathogenic 
varieties at least develop on culture mediums with much difficult3'^ except 
when the medium is enriched ly blood, serum or tissues. When mixed 
infection exists, their isolation 11133^ prove still more trying. However, 
when the3' are obtained in blood cultures, the culture is usually pure. 
Their biologic reactions are extremel3'- difficult to observe because they 
do not grow readily on differential mediums. The3^ are extremel3’^ 
pleomorphic, often being filamentous. 

The cultural characteristics of Bacteroides funduliformis recently 
(1931) were well studied by Teissier, Reilly, Rivalier and Stefanesco 
with organisms isolated from four cases of this infection. The organ- 
isms in our cases agree in all essentials of morphologic structure and 
biologic reactions with those described ly the investigators named. ' 
Since in our cases the two strains Avere practically identical morpho- 
logicalh- and culturalhq the3’’ will be described together, excep- 
tions being noted whenever necessar3'. In case 1 the organism Avas 
isolated from the hepatic abscess onhq but in case 2 the cultures were 
obtained from both the hepatic abscess and the blood of the heart. 
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Microscopic sections of fixed tissue from the hepatic abscesses were 
stained by Brown’s modification of Gram’s stain. In case 1, the organ- 
isms appeared in small clusters or tufts in the peripheral portion of the 
exudate. They were irregularly placed in a sort of criss-cross arrange- 
ment. The individual organisms appeared as plump, straight, long, 
unbranched rods and filaments with rounded ends. They were gram- 
negative (fig. 2) A). In case 2. the organisms were relatively short, 



Fig. 3 . — A shows a colony of micro-organisms in a section of tissue from the 
hepatic abscess in case 1 (Brown-Gram stain; X 1,700). B shows a colony of 
micro-organisms in a section of tissue from the hepatic abscess in case 2 (Brown- 
Gram stain; X 900). 

plump, gram-negative bacilli with rounded ends, frequently with bipolar 
granules, and were usually closely massed in clusters, making the 
identification of individual forms extremely difficult (fig. 3B). In this 
case similar masses of organisms were found also in the pulmonary 
abscesses. 

On culture mediums marked morphologic variations were observed, 
apparently dependent on the age of the culture, the type of medium 
emplo 3 ^ed or other unknown factors of growth. In a general way. the 
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more extreme variations in involution were found in cultures on solid 
mediums, such as hormone blood agar, hormone serum agar and 
Ldffler’s serum, although varying degrees of dissociation were observed 
in cultures in liquid mediums, especially in certain of the dextrose 
broth solutions. In dextrose-brain broth the usual form was a short, 
plump rod with rounded ends, or a slender, slightly longer, rod, likewise 
with rounded ends. Occasional!}’’ filaments were seen. The rods fre- 
quently had deeply stained granules or bars distributed throughout the 



Fig. 4 . — A shows coccobacillary and filamentous forms in a forty-eight hour 
brain broth culture (carbolfuchsin stain; X 1,500). B shows comma-shaped forms 
in a twenty-four hour brain broth culture from the peritoneum of rabbit 1 (carbol- 
fuchsin stain; X 1,250). 

cell, only polar granules being present in the shorter forms. The latter 
appeared as coccobacillary forms, which when in chains closely 
resembled chains of streptococci (fig. 4 A). Occasionally the rods 
were evenly stained, and in these, especially when filamentous, dissoci- 
ation into granular or streptococcic types could be observed in all 
gradations from uniformly staining cells to chains of granules resem- 
bling streptococci. Slender, comma-shaped rods were further variants 
(fig. 4 B). Clumping of the organisms was usual. In older broth 
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cultures there was a gradual reduction in the number of stainable 
organisms; preparations of old but living cultures had the appearance 
of amorphous detritus. Young cultures on solid mediums were similar 
to young cultures on brain broth, but as the cultures on solid mediums 
increased in age, large numbers of swollen forms appeared (fig. SA). 
These were also seen to some degree in older broth cultures, but were 
less numerous. The swollen forms were often cigar-shaped, with 
bluntly rounded ends; the cell bodies were faintly stained, and deeply 



Fig. 5 . — A shows swollen, typical types of Bacteroides funduliformis in a four 
day brain broth culture (carbolfuchsin stain; X 1,800). B shows filamentous 
forms in a five day blood agar culture (carbolfuchsin stain; X 825). 

stained granules, beads or bars were present. The swollen forms were 
at other times oval or spherical. The oval or spherical forms were fre- 
quently deeply stained, without granules; some, however, were almost 
invisible, so faintly did they take the dye. On solid mediums, 
unbranched, uniformly stained filaments frequently predominated. 
These often were arranged in tufts (fig. SB). Less frequently the 
filaments were faintty stained, only the outer envelop becoming visible; 
this envelop surrounded an unstained, tubelike or hypha-like structure 
in which there were small stained granules or bars. These filaments 
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revealed, here and there, oval enlargements, which appeared to be the 
result of longitudinal splitting and swelling of the filaments, rather than 
spores, which they resembled. On further study such forms always 
reverted to the original coccobacillary type ; otherwise one might assume 
that the}^ represented contaminants. 

The organisms were always gram-negative and never acid-fast. 
They were nonmotile. The usual aniline dyes, such as safranine and 
metltylthionine chloride, U. S. P. (methylene blue), stained them faintly. 
They were well stained by dilute carbolfuchsin. 

Cultures in dextrose-brain broth were allowed to stand at room 
temperature. After seven months (case 1) and four and a half months 
(case 2) they were still viable. They were readily susceptible to heat; 
a temperature of 56 C. was sufficient to kill cultures on dextrose-brain 
broth in two and five minutes (cases 1 and 2 respectively) . 

Dextrose-brain broth was found to be the most satisfactory medium 
for routine culturing of the organisms. Under the conditions present 
in this medium no precautions were necessary for obtaining growth 
anaerobically. Visible growth appeared in from one to seven da}’-s at 
37.5 C. The rapidity of the appearance of growth appai'ently depended 
on the degree of anaerobiosis and on the number of organisms present 
in the inoculum. Evidence that growth was present became manifest at 
first by the formation of bubbles of gas in the region of the particles of 
brain at the bottom of the tube. As the bubbles enlarged they tended 
to rise to the surface of the tube. Rarely was gas formed so rapidly 
that bubbles accumulated on the surface of the medium. Next to the 
formation of gas, the medium gradually became turbid in the region of 
the particles of brain, this progressing to form eventually a layer of 
fine flocculi overlying the brain. Usually, unless disturbed, the medium 
remained clear, but occasionally it became slightly cloudy. The cultures 
had a mild, stale, putrid odor which gradually took on the odor of 
butyric acid. The brain was not blackened or digested. Tests of the 
gas rising from the tubes were negative for hydrogen sulphide. 

No growth appeared on hormone agar, hormone blood agar, 
hormone serum agar or plain broth when allowed to incubate aerobically 
at 37.5 C. for several days. Satisfactory conditions for growth were 
obtained in these and other mediums by the use of pyrogallol and 
sodium hydroxide to absorb the oxA'gen. Anaerobic plating was success- 
ful in Spray plates. Slanted solidified mediums — gelatin, broth, milk, 
sugar fermentation tubes and similar preparations — ^\vere inoculated 
and placed in a Novy t 3 "pe anaerobic jar, with pyrogallol and sodium 
hydroxide added as befoi-e mentioned. 

On hormone blood agar Spra}' plates, after twenty-four hours 
incubation at 37.5 C.. very small, scarcely visible, pinpoint-like colonies 
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appeared. A small zone of partial hemolysis surrounded each colony 
on examination with a hand lens. After forty-eight hours’ incubation, 
surface colonies were discrete, slightly translucent, round, flat or slightly 
convex, moist, bluish gray and 1 mm. or less in diameter. A hemolytic 
zone surrounding each colony became distinct. Deep colonies were 
grayish white, opaque, round or lens-shaped and 0.5 mm. or less in 
diameter. A clear zone of hemolysis, from 1 to 3 mm. in diameter, 
surrounded each deep colony. At this time the growth resembled in 
appearance that of hemolytic streptococci. As plates were observed 
over a period of days, surface colonies became flat and rather dry and 
frequently had a deep opaque center, with a surrounding halo-like ring 
of growth. Deep, lens-shaped colonies and others became irregular, 
often with formations resembling Maltese crosses. 

On hormone human blood agar slants, after forty-eight hours there 
was abundant growth of small, discrete, rounded, moist, somewhat 
translucent and slightly convex, bluish-gray colonies along the line of 
inoculation. Hemolysis was present. The condensation water became 
cloudy. On hormone human serum agar slants, growth was similar but 
less abundant. On plain hormone agar slants, usually there was no 
visible growth after two weeks ; an occasional colony similar to those 
on blood agar ajjpeared. On plain agar slants there was no visible 
growth after two weeks. On plain gelatin, there was no visible growth 
or liquefaction after two weeks. On gelatin plus human blood serum, 
sparse, small, irregular-shaped colonies ap])eared ; there was no lique- 
faction at the end of two weeks. 

In plain broth there was no visible growth after two weeks. In 
plain broth with coagulated egg white added, the medium remained 
clear and there was a slight flocculcnt growth at the bottom of the tube. 
There was no digestion of egg at the end of two weeks. On Lbffler’s 
blood serum there were almost imperceptible fine, discrete, slightly 
elevated colonies. There was no liquefaction of the serum after two 
weeks. There was no change in litmus milk after two weeks. 

Peptone fermentation medium, with various sugars added, was inocu- 
lated and incubated anaerobically at 37.5 C. Growth failed to apj^ear. 
Similar tubes to which 0.5 cc. of fresh human serum was added 
I'evealed abundant growth. Acid and gas were formed in dextrose, 
levulose and maltose. There was neither acid nor gas in sucrose, 
mannitol. X 3 'lose, galactose or lactose. Other sugars were not tried. 

EXPERIMENTAL STUDY 

Tests for pathogenicity were made on four guinea-pigs and nine 
rabbits. Guinea-pigs 1 and 2 and rabbits 4, 5, 6 and 7 were inoculated 
with forty-eight hour dextrose-brain broth cultures of blood from 
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case 1. Rabbit 1 was inoculated intravenousl}' with 0.5 cc. of a dilu- 
tion in phj^siologic solution of sodium chloride of pus from an abscess 
of the liver in case 2. The remaining two guinea-pigs (3 and 4) and 
four rabbits (2, 3, 8 and 9) were inoculated with forty-eight hour 
dextrose-brain broth cultures of blood from case 2. Inoculations were 
carried out in guinea-pigs subcutaneously and intraperitoneally and in 
rabbits subcutaneously and intravenously. In general, the organisms 

Results of Animal Inoculations 


AnimaJ 

Dose* and 
Method of 

Time Between 
Injection 


Organism 

Recovered 

Administration 

and Death 

Result 

Prom 

Guinea-pig 1 

2.5 ce. subcuta- 
neously 

14 days (killed) 

Subcutaneous abscess; 
drained spontaneously 

ztbscess 

Guinea-pig 2 

2 ec. intraperito- 
neally 

21 days (killed) 

No pathologic change 


Guinea-pig 3 

1.5 cc. subcuta- 
neously 

33 days (killed) 

Some early induration; 
recovered 


Guinea-pig 4. 

2 cc. subcuta- 
neously 

W days (kilted) 

Subcutaneous abscess; 
drained spontaneously 

Abscess 

Rabbit 1 

0,5 cc. intraven- 
ously (pus from 
abscess of liver) 

Less than 15 
hours 

Beginning peritonitis 

Peritoneum 

Rabbit 2 

0.0 cc. intraven- 
ously 

5 days 

Death due to other 
causes 


Rabbit 3 

2 cc. subcutane- 
ously 

11 days (killed) 

Subcutaneous abscess 

Abscess 

Rabbit 4 

0.0 cc. intraven- 
ously 

3 days 

No pathologic change 


Rabbit 5 

2 cc. subcutane- 
ously 

11 days 

Subcutaneous abscess; 
multiple small hepatic 
abscesses, up to 1 min. 
in diameter 

Subcutaneous 
abscess; liver 

Rabbit 6 

0.5 cc. intraven- 
ously 

51 days (killed) 

Moribund on fourth 
day; recovered 


Babbit 7 

1.5 cc. Intraven- 

8 days 

Ko pathologic change 


Rabbit S 

1.5 cc. intraven- 
ously 

9 days 

Purulent pleurisy; two 
hepatic abscesses, 1 cm. 
in diameter 

Blood; hepatic 
abscess 

Rabbit 9 

0.5 cc. intraven- 
ously 

14 days 

Purulent pleurisy 

BJoocl; pleural 
pus 


* All injections', except for rabbit 1, were of forty-eieht hour brain broth cultures. 


were found to be somewhat less virulent than Thompson and Beaver 
had previously reported. The reactions, however, were similar. The 

results are summarized in the table. 

Macroscopically, all of the abscesses contained thick yellow pus, 
which emitted a mildly putrid odor. Microscopically, they were usually 
chronic, with well defined granulomatous reactions. They contained a 
central area of necrotic material in which only a few leukocytes were 
found. Polymorphonuclear neutrophils and large mononuclear leuko- 
cytes became predominant peripherally. Mononuclear forms and 
lymphocytes gradually increased in number m the rvall of the abscess, 
where fibroblasts and newly formed blood vessels also rvere present. 
Rarely giant cells were observed in this granulomatous zone, bur- 
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rounding each abscess, connectiA'e tissue finally became dense and fibrous. 
Some of the abscesses were multilocular. In the muscle bundles near 
the subcutaneous abscesses there were granular degeneration and frag- 
mentation, and about the vessels there were perivascular collections of 
leukocytes and lymphoc}des. Gram stains of sections demonstrated 
that the bacteria occurred in dense masses of short, plump, cocco- 
bacillary forms within the abscess cavity. In a section of the subcu- 
taneous abscess of rabbit 3, the organisms appeared in clusters of 
filamentous forms, as they did in sections of a hepatic abscess in case 1. 
The organisms in all sections studied were gram-negative. 

SUMMARY 

Two cases of hepatic abscess caused by Bacteroides funduliformis 
have been presented. The genus Bacteroides (Bergey) comprises cer- 
tain anaerobic, nonsporulating bacilli. Organisms of this type were 
first described by Veillon and Zuber and by Halle as the etiologic agents 
in various suppurative and gangrenous infections of man. Similar 
species also have been isolated from the normal intestinal flora of man. 

It is probable that infections of this type are not rare and that 
there are two regions which seem particularly vulnerable to primary 
infection, namely, the large bowel and the genito-urinary tract of the 
male. In the colon, infection appears to take origin principally in 
infected carcinomas, although the focus may be cryptic. From the 
primary focus, direct hematogenous dissemination ma}" occur to the 
liver or the lungs, with clinically demonstrable bacteremia frequently 
supervening. Such infections are extremely serious and entail a grave 
prognosis. The clinical syndrome produced is an extreme degree of 
toxicity, with a high, remittent type of fever, chills, perspiration and 
weakness which progresses to exhaustion. The physical findings vary 
with the points of localization. 

The lesions of the liver, as we have observed them, have been essen- 
tiall}" chronic granulomatous abscesses, frequently multilocular and 
spreading with extreme destructive changes, necrosis of tissue and 
exudation. In the lungs, the lesions have appeared as small septic 
infarcts, patches of bronchopneumonia or small abscesses. Most com- 
monly found were firm, solid, grayish or hemorrhagic nodules, the 
grayish areas resembling beginning caseation necrosis. Other investi- 
gators have described large putrid or gangrenous abscesses of the lungs 
with empyema associated with organisms of this group. Such lesions 
are apparently primarily pulmonic, usually on the basis of aspirated 
infection. Guinea-pigs and rabbits are susceptible to experimental 
inoculation with Bacteroides funduliformis. The lesions produced are 
abscesses, similar in appearance to those occurring in man. 
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The problem of proving definitely the presence of ethyl ether, 
(C2Hg)oO, in human tissues has remained unsolved to the present time. 
There are no specific color or precipitation reactions for ether. Methods 
used by Nicloux,^ Shaffer and Ronzoni,- Haggard “ and Spenzer'* for 
the quantitative determination of ether are based on oxidation-reduction 
reactions. These are not specific qualitative tests for ether. Many 
organic substances, such as h3^drocarbons, alcohols, aldeh3^des, ketones 
and organic, acids, react as ether does toward these oxidizing agents. 
In medicolegal cases the pathologist or toxicologist has to rel3’' on his 
sense of smell. When the bod3'^ caAOties are opened, he seeks the odor 
of ether. Proof of this kind is unsatisfactory and often misleading. 
For example, odors of various kinds ma3'^ be encountered in body 
cavities and in organs which at times ma}'^ simulate that of ether and 
at other times ma3' conceal the odor of ether when it is present. The 
problem we set out to solve was the actual isolation of ether in pure 
form from the organs and its identification b3' determination of the 
boiling point. 

Gettler, Niederl and Benedetti-Pichler,^ in their contribution on the 
isolation of eth3d alcohol from human tissues, devised a speciall3'^ con- 
structed rectification flask. This apparatus was used at first in the 
attempt to isolate ether from tissue distillates. It served the purpose 
quite well. We succeeded in isolating droplets of ether, proving the 
same b3^ determinations of the boiling point. 

It was found that certain structural changes in the rectification flask 
not onl3^ would facilitate the isolation of the ether, but would also allow 

Contribution from the chemical laboratories of the Chief Medical E.xaminer’s 
Office, Bellevue Hospital, and of Washington Square College, New York 
University. 
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Chem. Soc. 54:1479, 1932. 
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the coUectioti and meastiremeiit oi pracrically ail oi the ether present m 
the ti-siies. The changes in the microreciiScation Sash ( 6g. 1 ) are : 

1. The bulb of the Sash is of larger capacir\- *300 cc.). This 
enables one to use the entire original tissue distillate rather than small 
aliouot portions. In this vray the volumes of ether isolated are large 


enough to be measured. 

2. A glass rube running to the bottom of the Sask is 
side of the Sask. This facilitates the introduction of the 


fused into the 
material from 



v.'riicii the ether is to be isolated, serves as a safer}' tube during the 
distiilation and makes it easier to empt}' and clean the Sask. 

3. The uppermost S-shap>ed part is straightened out and points 
dou-nu-ard at an angle of 45 degrees to the main rube of the Sask. 
This v.-as done so that all the ether could be collected in one portion 
rai-her than in a senes oi successive drops. 


SItiEOD OF ISOi:..VTIXG ETHER FROM TI5SCES 


The tissees or 
tightiv sealed and 


organs removed at autopsy are placed quickly in glass jars, 
put in a refrigerator. When ice cold, about 6W Gm, is cuickiv 
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ground up. The grinder is previously cooled by applying ice. Of this ground 
material, 500 Gm., is rapidly weighed out, mixed with 200 cc. of ice cold water 
and placed in a 2 liter flask. An additional 300 cc. of water and 1 cc. of liquid 
petrolatum are added. The mixture is distilled with steam, a long, well cooled 
condenser, the tip of which has been bent to resemble an adapter, being used. 
The bent tip should dip into 25 cc. of ice water contained in the receiving flask, 
the latter being at all times entirely surrounded by ice. Two hundred cubic 
centimeters of distillate is collected. This is ample for recovering all the ether 
that is present in the tissues. The distillate is now ready for the isolation of 
the ether. 

The rectification flask already described is used. It must be clean, and part of 
it (from b to d) must be dried by playing a gentle flame over the outside surface. 



Fig. 2. — Microboiling point apparatus. 



The entire 200 cc. of distillate is poured through the safety tube (e) into the 
rectification flask. One gram of granulated zinc is added. The receiving tube 
(d), which is 6 mm. in diameter on the inside and is graduated in twentieths of a 
cubic centimeter, is surrounded by a bath (/) of solid carbon dioxide in acetone, 
and should contain about 0.15 cc. of water (not more), so that the ether is col- 
lected over water as a separate layer. The rectification flask is now heated care- 
fullj" and slowl 3 % an asbestos centered wire gauze and a microburncr being used. 
As soon as the solution begins to boil, the flame is regulated so that the liquid 
boils gently in the bulb for about fifteen minutes. During this time the steam (as 
indicated by a visible rise of the condensate or by running the hand along the tube 
and determining the height of the steam by the temperature) must not be permitted 
to rise bej'ond b. This is done by properlj-^ regulating the flame. The part of the 
tube from a to c acts as a reflux for the steam, while the ether vapors rise past c, 
condense and collect in the receiver. After mild boiling has been continued for 
fifteen minutes, the flame is gradually increased so that the steam is made to rise 
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slowJj- (in one minute) until it just passes the bend c. Rectification is now com- 
pleted. The ether, if present, will be found unfrozen in the calibrated receiver. It 
sometimes happens that water vapor freezes in the tube be 3 -ond c, clogging it up; 
back pressure developed bj- continued heating will force the distillate out through 
the safetj- tube e. In that case, the flame is removed; then the receiving tube is 
removed, and the portion of the tube from c to d is warmed with the fingers. 
When the ice melts, it will be sucked back into the flask. The receiving tube is 
replaced and the rectification continued. 

When the rectification is completed, as indicated bj' steam having passed the 
bend (c), the receiving tube is removed from the acetone bath, lightK' stoppered 
and allowed to stand at room temperature until any ice in the calibrated receiving 
tube melts. The volume of recovered ether (upper layer) is read immediate!}". 

In order to identify this upper layer as ether, the microboiling point is deter- 
mined. We are convinced that the isolated ether need not be dried for determina- 
tion of the boiling point. The isolated ether can be sealed in a capillar}' tube and 
kept as corpus delicti. 

Defenuiiiatioii of Boilittg PoiitlF — A capillary tube (fig. 2 A), from 1.5 to 
2 mm. in diameter, is drawn out into a finer capillary tube at one end (C), about 
8 mm. in length. The end (C) of the capillary tube is introduced into the ether 
to be tested. By capillary action, ether is drawn into the tube. Care must be 
taken to allow onl}- a small droplet to enter. The tube is then sealed by bringing 
the tip of it into the edge of a Bunsen flame for a second. As the walls of the 
tube are extremely thin, they fuse together almost instantly. Sealing in this way 
always leaves a bubble of air in the tip of the tube, between the sealed portion of 
glass and the drop of liquid (fig. 2 C). This bubble of gas serves to prevent super- 
heating of the liquid during the determination of the boiling point. The capillary 
tube (A) containing the drop of liquid and a thermometer (£) are then mounted 
on a microscope slide and set up in a beaker (f) containing water, together with 
a stirrer. The temperature of the bath is raised slowly and uniformly. According 
to Emich, the true boiling point of a pure liquid is the temperature at which the 
droplet in the capillary reaches the surface of the bath. This is true only, how- 
ever, if the bubble of gas in the tip of the tube is so small that the effect of its 
expansion is negligible, and also if the temperature of the bath is raised regularly 
and uniformly throughout. 

A series of determinations were made on the boiling point of pure, dry' ether as 
well as of ether that had been in contact with water for an indefinite period. The 
boiling points obtained were; pure, dry ether, from 34,8 to 35 C., and moist ether, 
from 34,7 to 35 C. Since the boiling point of moist ether is practically the same as 
that of dry ether, it is not necessaiy' to dry a sample of ether before determining 
its boiling point. 

RECOVERY OF ETHER FROM TISSUES 

Five hundred gram portions of brain tissue and liver tissue were 
used. Vart'ing amounts of accurately known quantities of ether were 
added to the tissues. All possible precautions were taken to avoid loss 
of ether due to vaporization. The method outlined was used to recover 
the ether which had been added to the tissues. The results are given in 
table 1. 


6. Emich, F.: Wonatsh. f. Chem. 38:219, 1917. 
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Table 1. — Sfiidy of Recovery of Ether 



Tissue Used, 

Ether Added. 

, Ether Recovered, Ether Lost. 


A'umhor 

500 Gm. 

Cc. 

Cc. 

Cc. 

Recovery 

1 

Brain 

O.OG 

0.03 

0.03 

no 

O 

Brain 

O.OC 

0.03 

0.03 

50 

3 

Brain 

0.12 

0.05 

0.07 

42 

4 

Brain 

0.12 

0.07 

0.05 

GO 

5 

Brain 

0.15 

0.10 

0.03 

G7 

G 

Brain 

0.15 

0.09 

O.OG 

GO 

7 

Liver 

0.30 

0.24 

0.06 

SO 

s 

Brain 

0.30 

0.25 

0.05 

S3 

0 

Brain 

0.45 

O.oi 

O.OS 

82 

10 

Brain 

0.45 

0.3S 

0.07 

S4 

11 

Liver 

O.GO 

0.47 

0.13 


12 

Brain 

0.72 

0.6.3 

0.09 

SS 

13 

Brain 

0*7o 

0,67 

O.OS 

89 

14 

Brain 

0.90 

0.78 

0.12 

S7 

ir> 

Brain 

0.90 

0.74 

0.10 

S2 

Table 2. — Analysis 

of Cases in 

JVhicJi Death 

IVas Due to Ether 





Ether 

Boiling 



Tissue 

Recov- 

Point of 



Used, 

cred,* 

Isolated 

Patient 

Comment 

500 Gin. 

Cc. 

Ether 

M. R, 

Died before fully anesthetized 


0.03 

.... 



Liver 

0.01 




Lung 

Is’one 


J. P. 

Died after a few inhalations of ether 

Brain 

0.09 

34.8 



Liver 

O.OS 

34.0 


• 

Lung 

0.02 


E. W. 

Died on table; no operation 

Brain 

0,19 

2 s.nt 

T. J, 

Died on table; no operation 

Brain 

0..'0 

34.0 



Liver 

0.30 

34.0 



Lung 

0.34 

34.7 

W. 0. 

Died on table just after operation 


0.11 

,3,'!.0 



Lung 

0.10 

"."j.O 



Liver 

0.14 

.34.6 

M. J. 

Anesthesia stopped, 15 minutes 


0.37 


G. W. 

Anesthesia stopped, 30 minutes 


0.21 




Liver 

0.22 

,34.9 



Lung 

0.14 

35.0 

T. 51. 

Anesthesia stopped, 70 minutes 

Liver 

0.11 

"5.0 



Lung 

0.0.0 

31.5 

IT. W. 

Anesthesia stopped, 75 minutes 


0.09 


J. L. 

Anesthesia stopped, 85 minutes 

Brain 

Nonet 


R. F. 

Anesthesia stopped, 4% hours 

Brain 

None 


L. A. 

Anesthesia stopped, TYs hours 

Brain 

None 


L. J. 

Anesthesia slopped, 10 hours - 


None 


R. R. 

Anesthesia stopped, 20 hours 


None 


* This 

is approximately 84 per cent of the amount 

of ether actuaily present in 

500 Gm. ol 


tissue. 

f This ether contained ethyl chloride, hence tiic low hoiling point._ In cases ot tliis hind 
the etlier is separated from the ethyl chloride by fractional distillation.-' 

t This does not mean that no ether was present. It simply means that probably less than 
O.O.I ec. of ether was present. 
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Table 1 indicates that by our method as little as 0.06 cc. of ether 
in 500 Gm. of tissue can be isolated. It shows further that if tissues 
contain about 0.3 cc. or more of ether in 500 Gm., the yield of isolated 
ether is on the average 83.6 per cent (±5 per cent). If the ether 
present in the tissues is very small (cases 1 to 6), the percentage yield 
is much smaller (from 42 to 60 per cent). It will be noticed, however, 
that the ether lost in the procedure is extremely small (from 0.03 to 
0.07 cc.). This loss is relatively large on the basis of percentage. In 
cases in which the patient dies under full ether anesthesia or as a result 
of an accidental overdose of ether and in homicides by the adminis- 
tration of ether, the ether in the tissues is always higher than 0.3 cc. 
in 500 Gm. Therefore, in such cases the yield is good and fairly con- 
stant. The direct measurement of the isolated ether can be used for 
the estimation of the ether actually present in the tissues. 

The data in table 2 prove that the ether (in excess of 0.03 cc.) 
present in tissues as a result of anesthetization can be isolated and 
measured. Recovered ether in amounts as small as 0.03 cc. can be used 
for the determination of the microhoiling point. The boiling points 
obtained on the specimens of isolated ether ranged from 34.5 to 35.1 C. 
These values compare favorably with the theoretical boiling point of 
ether, from 34.7 to 35 C. The boiling point, therefore, can be used 
for identifying the ether. Other properties of identification of ether 
are : It is a thin mobile liquid ; it is lighter than water, does not freeze 
in a solid carbon dioxide-acetone bath, has an ethereal odor, takes fire 
rapidly and burns brilliantly. 

We are drawing no conclusions as to the amount of ether in the 
brain when a patient is fully anesthetized, because the data are still too 
meager. Further research is in progress on this phase. 

SUMMARY 

A micromethod for isolating ethyl ether from human tissues is 
described. Amounts of ether as small as 0.06 cc. in 500 Gm. of tissue 
were isolated and measured. In tissues containing from 0.3 to 0.9 cc. 
of ether in 500 Gm., the recovery is 83.6 per cent (average). The 
recovery of ether is fairly constant and can be used for estimating the 
amount originally present in the tissues. Determinations of the micro- 
boiling point served to identify the isolated lic[uid as ethyl ether. 
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In a previous article, we ^ discussed the gross anatomic changes 
obsei'A'ed in one hundred knee joints removed from patients who had 
died of various diseases. It was stated that erosions occurred with 
increasing frequency with advancing age, and that the alterations were 
precisely the same as those previously described by many observers as 
characteristic of degenerative arthritis.- In order to determine whether 
the anatomic changes were the same histologically as those frequently 
described in degenerative arthritis, the abnormal areas, the sjTiovial 
membrane and the capsule were examined microscopically. 

Material for histologic study was taken from the synovia, cartilage 
arid bone. Approximately one thousand microscopic sections from 
these joints were examined. A summary of the results is recorded. 

THE SYNOVIAL MEMBRANE 

On opening the knee joint, the synovial membrane appeared smooth 
and glistening in 66 per cent of the cases. The cavity of the joint 
usually contained a small amount of fluid. In a few instances the 
synOA’ial cavity of the knee joint communicated directly with that of 
the tibiofibular joint. This is of practical significance, as an infection of 
one joint may extend into the other through this direct communication. 

As a rule, the synovial membrane showed gross abnormalities only 
when there were striking alterations in the cartilage and bone. The 

From the Thorndike Idemorial Laboratory, Second and Fourth Medical 
Services (Harvard), the Department of Pathology, Boston City Hospital, and 
the Department of Aledicine, Harvard ^Medical School. 

1. Keefer, C. S. ; Parker, F., Jr.; Myers, W. K., and Irwin, R. L.: Relation- 
ship Between Anatomic Changes in Knee Joint with Advancing Age and Degen- 
erative Arthritis, Arch. Int. Med. 53:325 (ifarch) 1934. 

2. In this report, the term “degenerative arthritis” is used synonymously with 
osteo-arthritis or Iwpertrophic arthritis. 
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most common observation ^Yas that of papillary projections extending 
from the surface of the synovial membrane. These were especially 
numerous and prominent about the edges of the patella, and inasmuch 
as erosions of the cartilage were more common on the medial than on 
the lateral patellar facets, the synovial fringes were seen more often 
at this location. In some cases, these fringes completely filled the 
depressions caused by erosions; in others, they projected from the sur- 
face into the joint cavity, particularly about the region of the semilunar 
cartilages. In the cases in which the fatty pad was large and abundant, 
the synovia over the surface projected in small nodules or in fringes, 
filling in every small part of the joint cavity. 

The capsule of the joint was. as a rule, not thickened, although in 
the cases in which the capsule was stretched the fibrous tissue was 
extremely tough and of increased densit}*. 

Histologically the synovial membrane consisted of loose connective 
tissue containing elastic fibers and numerous groups of fat cells. Over 
the surface, the cells were flattened, the thickness of the surface layer 
being only two or three cells deep. These surface cells were irregularly 
oval or stellate and closely packed together. The capsule was composed 
of interlacing thick bundles of dense fibrous tissue which varied in 
thickness in the different joints. Blood vessels and nerves were found 
in abundance in the sxmovia. and some of the nerve fibers had pacinian 
corpuscles as endings. Lnnphatics were likewise seen within the 
synovial membrane, usually just below the surface. 

We have said that in some areas there Avere projections of the 
Synovial membrane into the joint cavity. They consisted of connective 
tissue, capillar}* blood vessels and masses of fat and were covered with 
layers of S}-novial cells. In some the surface cells were heaped up in 
several layers beneath which were many hnnphocytes in the connectir’e 
tissue core. In a few there were perivascular collections of lymphocytes 
and rarely focal collections of plasma cells. The core in a few of the 
projections was hyalin in appearance or contained fibrous tissue of 
variable density. 

In the subsynoA’ial layer there Avere a fcAv Ivmphocytes. a rare mast, 
cell or a fcAV plasma cells. In a feAv sections one could see blood pig- 
ment in mononuclear cells and dense collagen about the blood A*essels. 
In the larger blood A-essels of the joint capsule one frequently obserA*ed 
intimal thickening. The smaller A’essels. as a rule, did not shoAV any 
abnormal anatomic changes, although in a fcAv cases thrombi Avere 
observed in the smaller A-essels Avith a fcAv pohmorphonuclear cells 
surrounding them. The case in Avhich obliteratiA'e changes Avere shoAvn 
in the smaller blood A-essels Avere usually those in Avhich there Avere 
stretching of the capsule and extensive anatomic changes in the joints. 
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Metaplasia of the connective tissue of the synovia and capsule was 
observed with resulting cartilage and bone formation at various sta-es 
of development. This is shown in figure 1. ^ 


THE ARTICULAR CARTILAGE 

The eailiest change was a decrease in basic staining with a tendenc}' 
toward staining with acid dyes. Associated with this was a development 
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Fig. 1. — Metaplasia of siaiovial membrane. Islands of j'oung cartilage cells in 
the synovial membrane; X HO. 


of fissures resulting in an irregularity of the surface with papillary 
projections. In such projections there were roughly spherical groups 
of ten or more small, }-oung cartilage cells. This process was at first 
superficial, but later the fissures extended deeper into the cartilage, and 
here the cells appeared fewer and swollen. With loss of the superficial 
layers and extension of the process to the subchondral bony plate the 
normal arrangement and appearance of the deep cartilage cells were 
lost, and only groups of the small cartilage cells heretofore described 
were present. Finally, there was complete destruction of the cartilage 
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with exposure of the subchondral bone. Occasionally the cartilage 
showed cystic areas filled with mucoid material; in several instances at 
its junction with the bony plate it contained no nuclei, was granular 
and definitely necrotic. In such areas erosion of the more superficial 
layers had occurred. Sometimes when there was erosion of the cartilage 
the denuded areas were covered with somewhat vascular connective 
tissue continuous with that of the marrow. Embedded in this tissue 
were chondroid tissue and fragments of necrotic cartilage surrounded 
by foreign body giant cells. In rare instances, the connective tissue 
over the uncovered bone was seen as an ingrowth from the capsule. 

Where the bone and cartilage had been depressed below the normal 
line of the articular surface the cartilage had thickened to fill in the 
defect, with resulting approximate restoration of the joint line. 

CH.\XGES IX THE BOXE 

1. Subchondral Bone . — ^The subchondral bone showed increased thick- 
ness in areas which were the site of erosions of the articular cartilage, 
and also where the cartilage and bone had been depressed below the 
normal articular surface. This bony thickening was due to compression, 
as indicated by the distortion of the trabeculae, and to formation of new 
bone. In the areas of thickening the cartilage extended into the bone 
more deeply than normalh . The prolongations resembled normal ones 
so far as the cartilage was concerned and were quite different from the 
islands of cartilage subsequently described. In these areas, the blood 
vessels showed slightly increased perivascular connective tissue, often 
with slight infiltration by lymphocytes. 

In cases in which the destruction of the articular cartilage was 
marked with frequently accompanying fragmentation of the cartilage 
and necrosis there was also necrosis of the bone. In some of the 
lesions of this type new bone was forming and. as a rule, there was 
a marked increase of connectiA-e tissue in the marrow extending up to 
and over the affected surface (fig. 2). Occasionally small longitudinal 
fractures of the bony plate occurred rvith an extension of the articular 
cartilage between the fragments. In the subchondral bone cysts filled 
with a mucoid material were not uncommon. 

2. Islands of Cartilage. — Associated Avith marked lesions of the 
articular cartilage, islands of hyaline cartilage Avere found in the suh- 
chondral region. These islands Avere situated both Avithin the bony 
trabeculae and on their surfaces. Those Avithin the trabeculae Avere 
often irregular ; in some instances theA- AA^ere connected Avith the articular 
cartilage Avhile in others they AA'ere located at some distance from the 
articular cartilage and shoAved no apparent connection. The carti- 
laginous islands on the surface of the trabeculae Avere. as a rule, roughly 
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spherical and attached to the bone at one point. They apparently arose 
in the endosteal layer, for in the earliest stages of their formation a 
single cartilage cell could be found in this location. The cartilage of 
which these islands were composed was of the hyaline type witli'well 
formed young cartilage cells. Some of the islands on the surfaces of 
the trabeculae were undergoing ossification, a la3'er of new bone sur- 



Fig. 2. — Island of cartilage in bone marrow pushing aside and compressing tlie 
blood vessels. Erosion of cartilage and bone with areas of connective tissue pro- 
liferation and new blood vessels in the subchondral area. Formation of new carti- 
lage and bone is present in the subchondral area ; X 50. 

rounding the cartilage on the side toward the marrow; there was no 
central ossification such as occurs in exostosis cartilaginea. 

The islands in the marrow not connected with bone or with 
endosteum arose from a metaplasia of the connective tissue of the mar- 
row, a process similar to that noted in the s\’novia. The earliest stage 
was a thickening of the connective tissue with the appearance of a few 
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small cartilage cells embedded in a pink-staining, hyaline matrix. Later 
these cells increased in size and were surrounded by a dense, hyaline, 
basically staining substance — chondromucin (fig. 3). At the periphery 
of such an island containing well developed cartilage cells were young 
cells similar to those described as appearing first. 

3. Formation of New Bone . — Formation of new bone was found 
both at the articular surface and in the subchondral trabeculae. It 



Fig. 3. — Young cartilage cells arising from connective tissue of the bone mar- 
row. They are not attached to the endosteum of the trabeculae ; X HO. 

occurred at the former site when there had been destruction of the 
cartilage and bone and was usually accompanied by a proliferation of 
vascular connective tissue arising in the marrow. 

The subchondral bony plate and the underlying trabeculae showed 
the formation of new bone at the base of erosions and of the afore- 
mentioned depressed areas. This bone was formed Iw the laying down 
of new bone along the surfaces of the old bone and by the ossification 
of the islands of cartilage. Wherever the process was active the marrow 
spaces were filled with vascular connective tissue. 
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The formation of new bone took place in still another way. In the 
subchondral bone, extending upward into the overlying cartilage, there 
could be found islands of vascular connective tissue. Some of these 
merel)'' consisted of this tissue with osteoclasts tying in its inter- 
stices. Others had a peripheral row of osteoblasts while, in still others, 
ossification of the adjacent cartilage was taking place with the result 
that such foci of vascularization were partly or entirely surrounded 



Fjo-. 4. — Vascularization of the subchondral area. Formation of new bone 
about one of these areas: X HO- 


by bone. As a rule, this new bone was at first unconnected with the 
subchondral plate ; but it eventually became connected with it, appearing 
finally as a roughly spherical or hemispherical, avascular nodule. The 
end-result tvas that the subchondral bony plate showed an irregularly 
nodular surface instead of the normal smooth line. 

In several instances the vessels in these islands of vascularization 
could be followed into the marrow, and there they lost their sheath of 
connective tissue (fig. 4). 
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4. Fractures. — Several instances of fractures of the articular cartilage 
and subchondral bony plate were found. In the most marked case, one 
portion of the cartilage and bone had overridden the other. The 
cartilage in both portions tvas in good condition. Formation of new 
bone was active on the articular aspect of the depressed cartilage and 
on the under surface of the subchondral bony plate of the overriding 
part. The cartilaginous parts of the two portions had made a firm 
union, leaving no visible line of separation. The joint surface showed 
a U-shaped depression over this area. 



Fig. 5. — Fracture of the subchondral bony plate with articular cartilage forced 
into the area of fracture. Fragmentation of surface cartilage : X 50. 

In several cases, the subchondral bony plate showed small longi- 
tudinal fractures tvith protrusion of the cartilage into the underlying 
marrow. This condition is illustrated in figure 5. 

In one specimen there was a projection of bone in one area above 
the line of the subchondral bony plate. The articular cartilage was 
missing and the surface was covered with connective tissue. The bony 
trabeculae were thickened and the marrow spaces filled with rather dense 
fibrous tissue. This lesion was interpreted as representing a previous 
longitudinal fracture with bony repair. 

a. Marroic. — ^Where erosion of the articular cartilage had occurred, 
extending down to and often into the subchondral bony plate, there Avas. 
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as a rule, a proliferation of connective tissue in the marrow spaces 
beneath the eioded areas. This connective tissue at first appeared as 
a delicate reticular tissue and was usually infiltrated with lyinphoc3'tes 
and a few macrophages. An atrophy of the fat tissue accompanied its 
appearance. As this connective tissue became older, it grew denser 
and contained numerous well formed blood vessels. It appeared first 
in the marrow spaces beneath the subchondral plate, but if the erosion 





Fig. 6. — Articular surface of tlie femur showing thinning and fibrillation of 
the cartilage, flattening of the joint surface and formation of a bony projection 
("exostosis”) due to forcing of the bone outward; X 25. 

was extensive and involved the bone, it extended up to and over the 
articular surface as well as deeper into the marrow. Not infrequently 
fragments of dead hone and cartilage could be found embedded in the 
superficial layers. Cysts occurred in the deeper portions. The fatty 
tissue underwent atrophy as the connective tissue proliferated and also 
in certain instances degenerated and became necrotic as evidenced by 
collections of macrophages arranged peripherally around the fat cells 
Rarely was any blood-forming tissue present in the marrow : when 
it occurred, it was in small amounts. 
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Yasoiiar changes, that is. intimal thickening, were frequent, but no 
specific changes in the surrounding tissue could be associated with them. 

6. Exostoses . — A considerable number of our specimens in which 
there was flattening of the joint surface showed projections at their 
peripheries. These projections consisted of fattr' marrow, trabeculae of 
bone and a layer of bone continuous with the subchondral plate (fig. 6). 
They were partly covered with articular cartilage and partly witlr con- 
nective tissue which could be followed into the capsule of the joint. 

The marrow was essentially nonnal. although at times it showed 
infiltration with a few lymphoc\tes. Xo proliferation of connective 
tissue and no islands of cartilage were noted in the marrow of the 
projections. 

The bony trabeculae were made up of well formed, dense bone. 
Their long axes were either parallel with or at right angles to those of 
the trabeculae of the epiphysis. Xo evidence of a formation of new 
bone was present. 

The covering layer of bone was. as aforesaid, a continuation of the 
subchondral plate. In a number of instances, however, there was evi- 
dence of a formation of new bone and a destruction of bone in this 
peripheral region. The new bone was for the most part formed on the 
endosteal side, but sometimes the periosteum also took part in the 
process. 

The cartilaginous portions of these projections were continuous with 
the articular cartilage and resembled the latter in even,* respect. 

Occasionally, the projections were vertical, that is. at right angles to 
and projecting above the line of the joint surface, but usually they were 
parallel to the articular surface and in shape suggested a rolled-over 
edge of the joint surface. 

Islands of bone and cartilage occurred occasionally in the connective 
tissue of the joint capsule and in the attachments of the tendons. 

COIIIIEXT 

It has been repeatedly shown that the characteristic lesions in 
degenerative arthritis are ; 1 1 ) changes in the cartilage such as fibril- 
lation. erosion and destruction with attempts at regeneration: (2) 
alterations in the subchondral bone due to increased vascularization, 
ossification, fracture, attempts at repair r\-ith formation of new bone, 
islands of cartilage and cysts in the cancellous bone, and (3) the for- 
mation of exostoses, sometimes called lipping, “Randwiilsten.’’ etc. The 
term “hypertrophic arthritis" has been applied to this condition on 
account of the increased density of the bone and overgrowth of the 
cartilage. e believe that these processes result from the repair 
occurring in damaged cartilage and bone and are not primarr- lesions 
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of the joints. We have arrived at this conclusion as a result of the 
study of the gross and microscopic changes in the joints detailed in the 
foregoing sections. Inasmuch as it is important to establish whether 
these changes are primary or whether they result from attempts of the 
i:)arts to repair the damage done by wear and tear, the changes we have 
observed require special comment. 

Changes in the Cartilage . — In the gross description of the joints, we 
described the early changes observed in the cartilage. These changes 
were characterized b}" a fragmentation of the cartilage in the vertical 
plane so that the surface had an irregular and uneven appearance, 
resembling the pile of a woolen rug. Following this fibrillation, the 
cartilage was frequently worn away so that the underlying subchondral 
bone was exposed. Often ope observed evidence of regeneration of the 
cartilage, but at best this was not striking, probably owing partly to 
the poor regenerative powers of cartilage and partly to the movement 
which takes place in such joints. Man}' of the areas of cartilage show- 
ing regeneration were similar to those observed experimentally in ani- 
mals by Bennett, Bauer and Maddock,® thus demonstrating that hyaline 
cartilage may regenerate in man as well as in animals. 

Islands of Cartilage . — In common with other observers, we have 
found islands of cartilage cells in the marrow at some distance from the 
joint surface. The origin of these cartilaginous areas has been the sub- 
ject of many controversial discussions. As a result of a study of many 
cases, Pommer ^ and Lang ° concluded either that they were due to 
emboli of cartilage cells which were carried to the marrow by the blood 
vessels or lymphatics or they arose from microscopic fractures in the 
cancellous bone. Heine ® expressed the opinion that many of these 
islands arose from cartilage that had been forced “durch Einpi'essung” 
into the subchondral bone. 

Both Pommer and Lang based their conclusions on the observation 
that these islands were found in the lumens of canals, in the callus that 
followed fractures of the subchondral bone and in areas that they inter- 
preted as being within blood vessels or in the perivascular lymphatics. 

We have considerable anatomic material bearing on the origin of 
these islands of cartilage as they were seen in the sections from the 
knee joints. We observed that in the areas where there were fractures 
in the subchondral plate cartilage was frequentl}- depressed between 
the edges of the fracture (fig. 5), so that it is possible that in some 
cases the areas of cartilage in the subchondral bone haA'e such an origin. 

3. Bennett, G. A.: Bauer, W., and Afaddock, S. J.: Am. J. Path. 8:499, 1932. 

4. Pommer, G.: Virchows Arch. f. path. Anat. 263:434, 1927. 

5. Lang, F. J.: T. Bone & Joint Surg. 14:563, 1932. 

6. Heine, J.: AfiVchows Arch. f. path. Anat. 260:521, 1926 
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However, the islands of cartilage in the subchondral bone arise more 
often from the endosteal la}er of bon)^ trabeculae (fig. 7). This is also 
true when they are located some distance from the subchondral area. 
In other cases, islands of young cartilage arising from the connec- 
tive issue of the marrow (fig. 3) may be found, haring no connection 
with the endosteum. These islands of cartilage may also arise from 
the connective tissue of the callus which forms following small fractures 



7 — Island of cartilage arising from the endosteum of bonj’ trabeculae of 
the epiphjsis; X HO. 

in the subchondral area. These islands differ in origin from the ones 
heretofore mentioned in which the cartilage extends through a fracture 
of the joint surface. The islands formed from the connective tissue of 
the callus are situated at some distance from the joint line. 

tVe have examined many sections for evidence that these islands of 
cartilage derelop from small emboli in the blood \essels or perivascular 
1} mphatics as postulated by Pommer. We have not obserr ed any which 
r\e could with assurance classify as arising from the blood vessels or 
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lymphatics. Indeed, in some of the sections islands of cartilage were 
found developing outside the blood vessels and compressing or pushing 
aside the vessels as they grew (fig. 2). 

From our observations, then, it seems abundantly clear- that the 
islands of cartilage may arise in any one of the following ways: (1) as 
a result of fracture of the subchondral bone with formation of callus 
and connective tissue; (2) from the endosteum of the bony trabeculae 
of the epiphysis; (3) from the connective tissue of the iharrow through 
metaplasia. We were unable to find evidence that they arose from 
emboli in the blood vessels or lymphatics. 

As these islands were observed only in joints in which there was 
extensive damage to the articular cartilage or to the underlying sub- 
chondral bone, it seems fair to assume that they I'epresent a process 
of repair rather than a primary lesion. 

Exostoses . — It has long since been generally admitted that one of 
the chai'acteristic features of degenerative arthritis is the development 
of exostoses at the margins of the joint surfaces. Indeed, many 
observers have regarded their presence as necessary before the diag- 
nosis can be accepted. The origin of these bon\- protuberances has been 
an occasion of considerable discussion. The}* have been described as 
ossified excrescences, as peidosteal or perichondrial proliferations, as 
osteoph 3 ''tes or as exostoses formed b}^ depression and bending over of 
the tissue at the edge of the joint surface. Pommer, Lang and others 
have stated that they arise as outgrowths from the subchondral bone, 
possess a laminated structure and are usually covered with new cartilage. 
They admit, however, that the periosteum may show bony proliferation 
covered b}^ new cartilage at the insertions of tendons, and that it is 
common to find a formation of new bone in the tendon attachments 
themselves. This condition is illustrated in children in whom there is 
increased tension of the muscle tendons at the points of attachment 
to the bone; excrescences occur at those sites. The same phenomenon 
may be observed in the osteophjdes on the ilium in osteo-arthritis of 
the hip joint. In the knee joint, however, lipping occurs not only at 
points which are the sites of attachment of muscle tendons but also at 
the margins of the patella, femur and tibia. 

From our observations on the knee joint we have become extremely 
skeptical as to whether all these exostoses at the margins of the joint 
surfaces are really the result of a formation of new bone arising from 
the subchondral space. We have considerable data bearing on this 
point. When the joint surfaces and the subchondral areas of a normal 
joint are compared with those of one showing exostoses, several dis- 
tinctions are evident. In the first place, exostoses are seen in a joint 
which is the site of damage or in which the surfaces have not been 
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mutually adapted to one another. The joint surface is frequently 
flattened. This is especially striking in a joint in which there is a dis- 
placement of the patella either medially or laterally. The bony projec- 
tions often suggest a mushroom and seem to have been forced outward 
as a result of the flattening of the joint surface. That is to say. as 
the normal convex surface of the femur is worn away, the cartilage 
disappears over the area of pressure and movement, the subchondral 
bone thickens, and the area of pressure becomes flattened, less convex 
and. indeed, in some cases depressed below the previous normal line. 
This flattening of the surface which is in contact with the opposing 
joint surface causes the edge of the bone to project outward as a shelf, 
and. depending on weight, pressure and position, the projection may 
curl or bend over at the edge. These bony- prominences are not the 
result of new growth of bone in everv' instance, although in the sub- 
chondral layer of some of the projections slight evidence of a formation 
of new bone may be seen as in other subchondral areas. The trabeculae 
of the projections are either continuous with the cancellous bone or. at 
the sites where the}- project over the edge, at right angles to it. We 
have not found a double layer of cartilage, such as that described by 
Pommer. Xichols and Richardson.' to indicate that the projections 
result from perichondral or subchondral proliferation. \\'e have 
searched numerous sections for a double row of cartilage cells without 
success. In examining numerous gross specimens we found several in 
which the bony projections curled over at the edge. .At first glance it 
might appear that these represented layering such as has been described. 
On closer inspection, however, it could be shown that this was not the 
case and that the double layer of cartilage was due to a projection of 
the bone and cartilage over the edge of the joint surface. It should 
be emphasized that the cartilage projects over the edge of the joint 
surface to a considerable extent in some normal joints so that the 
variations cause differences in the appearance of the projections. 

^^'e believe, therefore, that these bony projections, commonly called 
exostoses, are areas of bone and cartilage occurring at the edge of the 
joint surface. They become prominent and conspicuous when the sur- 
face of the bone has been altered and flattened, so that the bone and 
cartilage are forced outward and downward. If. on the other hand, 
there is a depression of the bone near the edge of the joint surface, 
the peripheral portion of the joint surface may appear to project above 
the surface. W e found no evidence that these lesions were primarv. 
and we regard them as a part of the change that takes place in dis- 
torted joints following alterations in the joint surface near the edge. 


7. Xichols, E. H.. and Richardson. F. L.; J. it. Research 21:149. 1909. 
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Subchondral Bone. — Frequentl}^ one of the earliest changes observed 
in these joints was in the subchondral bone. Pommer was the first to 
point out that one of the characteristic lesions of degenerative arthritis 
was an increased vascularization and bon}^ thickening of the subchondral 
plate. In discussing this phenomenon he stated that the loss of the 
protection which the subchondral bone received from the cartilage when 
it lost its elasticity or was destroyed resulted in subchondral thickening 
with formation of new bone. Nichols and Richardson also described 
changes in the epiphyseal end of the bone in the cases in which the sur- 
face cartilage was destro 3 'ed and, also, alterations in the base of the artic- 
ular cartilage in cases in which the surface was damaged. We have 



Fig. 8. — Early lesions showing fibrillation of cartilage with compression of the 
underbdng bony trabeculae; X SO. 

frequently observed that one of the earliest changes that occurs in the 
subchondral bone is a compression of the trabeculae due to loss of 
elasticity and fibrillation in the overlying cartilage (fig. 8). In some 
of the areas of this type there may be little or no evidence of a for- 
mation of new bone; in others, a formation of new bone is obvious. 

In addition to such bony changes we observed various stages of the 
aforementioned vascularization. The earliest stage of this process con- 
sists in the appearance in the subchondral bony plate of islands of 
vascular connective tissue. The vascular tissue extends from the bony 
plate into the adjacent articular cartilage. One gains the impression 
that the islairds at first cause solution of the surrounding bone and 
cartilage; osteoclasts are often present. At a later stage osteoblasts 
appear and, associated rvith these, ossification of the neighboring 
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cartilage takes place, a narrow layer of new bone being formed around 
the island. As time goes on the bone becomes thicker, the connective 
tissue and blood vessels disappear, and finally there remains a nodule 
of well formed bone. At first, this new bone is usually unconnected 
with the subchondral plate, but later it fuses with the plate. When 
such a process has healed, the upper surface of the plate presents a 
series of nodules of bone projecting into the base of the articular 
cartilage. It is difficult to determine the mode of origin of these islands. 
While it is often possible to trace a blood vessel from such an area 
into the marrow, we do not believe that there is definite proof that the 
islands arise from invasion of the bone and cartilage by vessels from 
tbe marrow. Such vessels, as a rule, do not show in the marrow the 
sheath of connective tissue which they possess in the bone and cartilage. 
It would seem equally reasonable to suppose that these vascular islands 
arise by a proliferation of connective tissue around vessels preexisting in 
the bone. Accompanying this proliferation there is a solution of the 
adjacent bone. Then this vascular tissue penetrates the cartilage and 
later leads to ossification of the cartilage. 

Where erosions of the cartilage har-e occurred with exposure of the 
bony surface, thickening of the bone takes place owing to foniiation 
of new bone. The new bone is formed by being laid down on the 
old bone and also by ossification of the islands of cartilage mentioned 
elsewhere. Accompanying the formation of new bone there is a pro- 
liferation of connective tissue arising in the marrow and extending to 
the subchondral plate. Where destruction of bone, as well as of 
cartilage, has occurred, this connective tissue extends up to the articular 
surface, thus filling in the defect. 

We view these changes in the subchondral bone as a reaction to the 
loss of elasticity in and damage to the overlying cartilage. It is really 
a process of repair or an attempt on the part of the bone to strengthen 
areas subjected to increased pressure. In view of these alterations 
occurring in joints which are the site of degenerative changes, one 
should be extremely cautious in interpreting them as a part of the essen- 
tial pathologic picture in joints which are the site of proliferative 
processes. iNIore will be said about this matter when we discuss the 
pathologic changes of proliferative (rheumatoid) arthritis in a subse- 
quent communication. 

In view of our studies it is justifiable to say that the changes which 
occur in the joints with advancing age are similar, both grossly and 
microscopically, to those that have been described as being characteristic 
of degenerative arthritis. We feel that the anatomic changes are caused 
by injury to the various tissues of the joint and that the final anatomic 
picture is due to a combination of alterations produced by injury and 
repair. We believe the sequence of events to be as follows: fibrillation 
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and thinning of cartilage, compression, vascularization with formation 
of new bone in subchondral bone, formation of fibrous tissue, of islands 
of cartilage and of cysts in the bone marrow, and formation of bonv 
projections at the edge of the bone owing to alteration of the joint 
surface forcing the bone and cartilage outward. 

SUMMARY AND CONCLUSIONS 

Histologic examination of the tissues from one hundred knee joints 
of patients who had died of miscellaneous diseases was made. The 
following points were brought out. 

1 . The S3aiovia was essential!}' normal except in cases in which there 
were alterations in the cartilage. In these the capsule was somewhat 
thickened, papillary projections of the synovia occurred, and occasionally 
there were small collections of lymphocytes about the blood vessels. 

2. The cartilage showed fibrillation, degeneration and some areas of 
regeneration. In some cases it was completely destroyed. 

3. The subchondral bone was thickened owing either to compression 
or to formation of new bone. The marrow spaces were frequently 
filled with fibrous tissue, cysts and areas of cartilage. 

4. Bony projections, or so-called exostoses, were due to a pro- 
jection of bone and cartilage over the edge of the joint surface, or to 
a depression of the cartilage below its original level, thus giving the 
appearance of bony outgrowth. They resulted from a forcing outward 
of hone and cartilage by flattening of the joint surface owing to pressure 
and erosion. 

5. These changes are identical with those previously described as 
characteristic of degenerative arthritis. The evidence is that they are 
the result of injury and repair and that they occur with increasing 
frequency with advancing age. 



SUBCUTANEOUS TUBERCULOID LESION OF CATTLE 


A MORPHOLOGIC STUDY 

WILLIAM H. FELDMAN, D.V.M., M.Sc. 

Assistant Professor of Comparative Pathology, the Mayo Foundation 

ROCHESTER, MINK. 

The true character of the so-called skin, lesion of cattle sensitive to 
tuberculin is still obscure. Although it is generally agreed that the his- 
tologic structure of many of these lesions has a marked resemblance to 
that of lesions of tuberculosis, the evidence advanced to this time is by 
no means sufficient to prove that M3-cobacterium tuberculosis is the 
responsible etiologic agent. 

Many workers have investigated these lesions, but the majority of 
the published reports have been concerned with the hacteriologic phase 
of the problem. Efforts have been made to isolate hr- cultural methods 
and by inoculation of animals an organism of etiologic significance, and 
relatively little attention has been directed to the morphologic aspects 
of the lesions. 

About three years ago a project was outlined for the purpose of 
making a comprehensive study of the morphology of this condition. It 
was the intention to secure lesions from cattle in as many different parts 
of the United States as possible and to include in the stud}’ specimens 
from Canada, Mexico, South America and Euroj^e. When the material 
was being collected, a paper by Runnells ^ was published in which were 
recorded the results of a detailed study of the pathologic histology of 
the so-called skin lesions. Runnells’ fifty-six specimens were secured 
from fifty animals from six widely separated sections of the United 
States and Canada as follows: seventy-two from Michigan, six from 
Arizona, eight from California, five from Montana, three from New 
York, eleven from Iowa and one from Quebec. 

Runnells’ study seemed to make additional research on moi’iDhology 
superfluous, and the project was abandoned for the time being. How- 
ever, specimens continued to be received from dift'erent parts of the 
United States, and an opportunity was presented to conduct additional 
studies on the hacteriologic aspect of the problem. Consequently, because 
of the amount of data that eventually has accumulated, it seems desirable 
to make available for others certain conclusions concerning the character 
of this rather commonly encountered condition. 

From the Institute of Experimental Medicine, the Mayo Clinic. 

1. Runnells, R. A.; J. Am. Vet. M. A. 81:173, 1932.’ 
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SOURCE OF MATERIAL 

Requests for specimens were addressed to Inspectors-in-Charge of 
the Federal Meat Inspection Service, Bureau of Animal Industi 7 , United 
States Department of Agriculture in various parts of the United States, 
who secured material from animals slaughtered under their supervision. 
Fifty specimens were secured from twenty-one states as follows: Ala- 
bama, two; California, two; Colorado, three; Georgia, one; Idaho, four; 
Illinois, five ; Indiana, one ; Iowa, three ; Kansas, two ; Maryland, two ; 
Michigan, two ; Minnesota, four ; Nebraska, two; New Jersey, one; New 
York, six; Oregon, two; Penns}dvania, one; Utah, three; Vermont, 
one ; A’irginia, two, and Wisconsin, one. One specimen was received 
from Dr. C. A. Mitchell, Ottawa, Canada. Attempts to secure material 
from Mexico, South America and Europe, including the British Isles, 
were unsuccessful. Whether the subcutaneous nodules appear only in 
cattle in the United States and Canada is not certain, although corre- 
spondents in Continental Europe and the British Isles were of the 
opinion that such lesions occur seldom if ever in the cattle of that part 
of the world." 

All animals from which the subcutaneous lesions were obtained had 
previousl}^ revealed sensitivity to tuberculin administered intradermally. 
The respective specimens were removed from the carcasses during post- 
mortem examination, were placed immediately in a dilute solution of 
formaldehyde, U. S. P. (1:10), and were mailed to the laboratory. 
Lesions were secured only from animals which had no other gross lesions 
which might have been considered tuberculous. AVith few exceptions 
the lesions were confined to the subcutis of the lower extremities and 
were characteristic of the usual entity designated by federal meat inspec- 
tors as “skin lesions.” 

METHODS 

Histologic sections were prepared from each of the lesions and 
stained with hematoxylin and eosin. Sections from all lesions were also 
stained appropriately with carbol-fuchsin to reveal the presence of acid- 
fast bacteria that might be present. In addition, sections from the more 
representative lesions were stained for reticulum by the method of Pap.® 

2. In a brief report by Fischel (Wien, tierartzl. Monatschr. 15:423, 1928) 
mention is made of the finding of twelve cases of tuberculosis of cutaneous and 
subcutaneous tissues among a total of 2,100 cattle slaughtered at St. Marx. 
Smears revealed acid-fast bacillary forms in several of the lesions, and the tuber- 
culous character of the condition was definite^ apparent in sections prepared from 
the diseased tissues. With one exception the regional lymph nodes were not tuber- 
culous, and in only two instances was there tuberculosis elsewhere in the bod 3 ". 
It was not mentioned if efforts had been made to determine the etiology of the 
lesions by culture or by inoculation of animals, so the exact tj’pe of the lesions 
reported by Fischel rernains a matter of conjecture. 

3. Pap. Tiber: Centralbl. f. allg. Path. u. path. Anat. 47:116, 1929. 
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PATHOLOGIC ANATOMY 

Gross Appearance . — Few of the lesions obtained actually involved 
the dermis. The irregular nodular masses, which varied in size from less 
than 1 cm. to as much as 4 cm. in diameter, were definitely situated in 
the corium and underlying subcutaneous tissues, often extending from 
the epithelial layer to the musculature. One somewhat unusual specimen 
consisted of a compact, elongated mass of granulomatous tissue 3 cm. 
thick and approximately 20 cm. long. Man}^ of the nodules were irregu- 
larly spherical, and others were of a flattened, ovoid shape. All were 
invested with a tough, indistinct, fibrous capsule which provided a rather 
firm attachment to the adjacent tissues. On incision mineral salts were 
revealed in thirty-three of the fifty-one specimens studied. The amount 
of calcification was variable, but was often sufficient to require decalcifi- 
cation of the tissue before sections could be prepared. 

The lesion proper varied in appearance. Some lesions consisted of 
single, purulent or caseous yellowish abscesses, with dark, hemorrhagic, 
peripheral zones, but the majority of the lesions were composed of 
proliferative elements the continuit\- of which was often interrupted 
b}' multiple necrotic foci. The necrotic foci of some nodules were 
small and extremely numerous, whereas in others two or three foci con- 
stituted the lesion. Occasional lesions were observed in which necrosis 
could not be detected with the unaided eye. These were characterized 
by appearing to be composed of proliferating tissue elements not unlike 
new growths. The necrotic content of the various foci varied from a 
semidry, caseous material to a material that was pasty or even purulent. 

Pathologic Histology. — Histologically, the material studied could be 
separated into two general groups. In one group there was a monocytic 
and epithelioid reaction such as to justify the presumption that a common 
or closely related ijrovocative agent was responsible for the morphologic 
changes. These lesions were tuberculoid, with a resemblance to the 
lesions of genuine tuberculosis that was remarkable in some instances. 
The lesions constituting the second group were frankly pyogenic, with 
nothing in common with those in the first group except the situation in 
which they occurred. Thirty-four of the specimens were tuberculoid, 
and fourteen were considered nonspecific pyogenic abscesses. Two of 
the specimens revealed only hyperplasia of the corium without any spe- 
cific changes, and one of the nodules was diagnosed histologically as an 
adenoma of the sebaceous glands (adenoma sebaceum). 

Since the central portion of the lesion often has a tendency to undergo 
necrosis, it is imperative that the character of the cells at the periphery 
be taken into account in studying the histopathologic characteristics of 
the disease. Although the bulk of the structure ma}- have undergone 
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necrosis, and few intact cells may remain, there is usually a narrow 
peripheral zone in which cells characteristic of the lesion can be observed. 

The lesions to which I have referred as tuberculoid are subject to 
considerable variation in histologic appearance, but all have a peripheral 
zone of monocytic or epithelioid cells which are of the greatest signifi- 
cance in recognizing a given lesion. 

In general, the structural design is of two types, and although a 
given subcutaneous nodule may reveal exclusively one or the other, it 
is not uncommon to find in some lesions both varieties of morphologic 
expression. 

In one A'ariet}^ of lesion the histologic picture is strikingly reminiscent 
of the typical lesion of tubei'culosis. The tubercle-like structures occur 
as single or multiple, lohulated units Avith a peripheral zone of connectiA^e 
tissue (figs. 1 and 2). The cellular elements of such a structure consist 
of a predominance of monocytic cells which often reA'^eal a tendency to 
assume an epithelioid appearance. The epithelioid cells are more numer- 
ous tOAvard the center of the lesion, Avhere necrosis is commonly a promi- 
nent feature. The neci'osis is usually caseous. In the outer zone of a 
tubercle of this kind variable numbers of lymphocytes occur, and numer- 
ous small A’ascular channels are not uncommon. Giant cells of the 
Langhans type are present, often in abundance, in the majority of 
lesions. 

The histologic aiDpearance of the lesions just described is subject 
to considerable A’ariation, depending apparently on the duration of the 
disease. Xot infrequently an aggressiA-e, proliferative type of the dis- 
ease is encountered in Avhich the nodules of monocytic cells are small 
and extremely numerous, Avith but little if any necrosis apparent. Min- 
eral salts are often discernible in lesions in Avhich there is considerable 
necrosis, but ma}' be absent. 

In contrast to the multiple, Avell defined, tubercle-like structures that 
characterize the lesions just described, considerable numbers of lesions 
occur in Avhich the pathologic characteristics are someAAdiat different. 
The difference, hoAvever, is one of dimension rather than of the cellular 
elements involved. Lesions of the latter t}-pe are characterized by the 
occurrence of extensive, irregular, more or less diffuse areas of necrotic 
debris, surrounded by a rather narroAv peripheral zone of Avell differen- 
tiated epithelioid cells supported by A-ariable amounts of connectiA^e tissue, 
many of the strands of Avhich extend for a considerable distance between 
the epithelioid cells at right angles to the peripheral capsule (fig. 3). 
In some instances the necrosis of the lesion has adA^anced so as to include 
practically all of the cellular elements Avithin the surrounding capsular 
investment, and calcification is often excessive. Giant cells of the Lang- 
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bans type, which are rather numerous in the tubercle-like lesions first 
described, are rare in the larger and more necrotic variety of lesion. 

Sections stained by Pap’s method revealed an elaborate reticular 
system as an integral part of the respective cellular reactions (fig. 4). 
The reticulum fibrils were most numerous in those tubercle-like units 
which were in a progressive state. In the larger lesions, in which con- 
siderable central necrosis had occurred, the reticulated meshwork had 
disappeared. The reticulum was best observed in the smaller tubercle- 
like structures in which there was an abundance of epithelioid cells. 
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In no instances in the material examined did the proliferative and 
necrotic process extend into the substance of the musculature, although 
lymphocytic infiltration frequently was observed between the muscle 
fibers adjacent to the lesions in the subcutaneous tissues. As a conse- 
quence of the increased pressure, many of the muscle fibers in the zone 
immediately adjacent to the tubercle-like formations were compressed 
and atrophic. 

The changes involving the blood vessels, mentioned by Carpenter 
and Goldberg,’* and by Runnells, were often present in the material 



Tig. 4. — Epithelioid tubercle-like reaction stained to reveal the fibrillar 
reticulum; subcutaneous lesion; X 440. 


studied. These consisted of perivascular infiltrations, particularly 
noticeable around the smaller vessels in the corium ffig. 5). The cellular 
elements were largely monoc)'tic, with few lymphocytes noticeable. It 
was not uncommon to observe well established changes affecting the 
lining of Ijlood vessels. The proliferative endarteritis, affecting the 
entire intima, caused marked narrowing of the lumen, and not infre- 
quently almost complete obliteration of the lumen resulted. A few 
vessels were ol)served that contained canalized, thrombus-like obstruc- 

4. Carpenter, C. M., and Goldberg. G. A.; Cornell Veterinarian 15:148. 1925. 
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tions. The character and extent of the vascular changes in much of the 
material studied were such as to convince me of the significance of the 
vascular tracts in the genesis of the ultimate tuherculoid lesions. It 
seems logical to believe, as Runnells pointed out, that the provocative 
agent entered the subcutaneous tissue through the dermis and followed 
the perivascular tissue to the depths of the corium and bevond. 

Acid-fast bacillarj'^ forms were seen in twenty-two of the thirty-four 
specimens that were considered tuberculoid. The organisms, when 



Fig. 5 — Perivascular reaction consisting largely of monoc 3 'tic cells and l>mpho- 
cytes. Thickening of the \ascular walls and narrowing of the lumens maj be 
noted; X ISO. 


present, were discernible usually among the cellular debris of the necrotic 
portion of the lesion. In the aggressive or actively proliferative tissue 
of the lesion, acid-fast bacteria were seldom numerous and were gener- 
ally found with difficulty if at all. The organisms varied greatly in 
number and somewhat in form. In some preparations only two or three 
bacteria could be found after prolonged search, whereas in others acid- 
fast forms were exceedingly numerous (fig. 6). There was no question 
about their acid-fastness, although often shadowy, nonacid forms could 
be seen lying in the cellular debris. The acid-fast bacteria often ha^e 
a beaded appearance, with polar and metachromatic granules retaining 
the fuchsin stain while the vacuolar areas are unstained. 
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From the characteristic cellular changes of these lesions, the develop- 
ment or pathogenesis of the condition would seem in general to be about 
as follows : The provocative agent penetrates the dermis through a break 
in the continuity of the surface portions of the integument. Once in 
the corium the infective agent, if in proximity to blood channels, incites 
a cellular reaction composed largely of mononuclear cells, lymphocytes 
and a few polymorphonuclear leukocytes. This occurs in the tissue 
elements immediately adjacent to the adventitia in which progenitors of 
the monocrtic cells are found, although some such cells undoubted!}- are 
derived from the blood stream. As the organisms multiply, the cellular 



Fig. 6. — .A.cid-fast bacillary forms in a tuberculoid lesion. Many of the bacteria 
have a beaded appearance ; X 1,350. 

reaction progresses along, and peripheral to. the vascular channels until 
the deeper and less resistant subcutaneous tissues are reached. Here 
the process is continued, with the smaller vascular chaimels finally dis- 
appearing as a consequence of atrophy from pressure and eventual necro- 
sis of the morbid process. In the meantime many of the monocytic 
cells assume an epithelioid appearance, arid fibrous connective tissue is 
formed at the outer zone of the proliferating cells. This, in turn, eventu- 
ally becomes granulomatous, with numerous lolood vessels and an infil- 
tration of lymphoid cells. The giant cells of the Langhans type which 
are often present in considerable numbers in the lesions become evident 
as a consequence of the fusing of itiononuclear cells constituting the 
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primary cellular reaction. The central portions of the lesions, which 
are avascular and subjected to the noxious influences of the infective 
agent, become necrotic and calcification follows. 

The pathologic change of the nontuberculoid diseases was a simple 
pyogenic abscess in which the salient features were a single encapsu- 
lated, or several diflfuse, areas of necrotic substance surrounded by 
fairl}'^ vascular granulation tissue. Some abscesses contained mineral 
salts and others did not. Occasionall}'^ giant cells were present, but the 
peripheral monocytic and epithelioid reaction characteristic of tuberculoid 
lesions was absent. Likewise, acid-fast bacteria could not be 
demonstrated. 

The lesions which were later found to be p)mgenic abscesses were 
not obtained from any one source. These lesions were sent to the labora- 
tory from Idaho, Illinois, New York, Oregon and Utah. 

COMMENT 

It is evident from a stud}' of material secured from widely separated 
localities that the structural character of nodules situated in the sub- 
cutaneous tissues of cattle that i*eact to tuberculin cannot be correlated 
with the geogi'aphic origin of the lesions. This would lead one strongly 
to suspect a causative factor common to all. Grossly, the lesions were 
without significant difference regardless of their origin, although Traum ^ 
mentioned the involvement of the regional lymphatic structures in cer- 
tain cases in California. ApiDarently, so far as the histologic response 
is concerned, the so-called skin lesion of cattle is essentially the same 
throughout the United States. It is reasonable to assume that occa- 
sionally a nonspecific hq^e of abscess may sometimes be confused at 
necropsy with the lesion that I have designated as tuberculoid. Histo- 
logically, the distinction is not difficult. 

In any review of the subcutaneous nodule, the etiology of these 
structures is usually considered. Although this study was confined, 
by nature of the material, to the morphologic aspects of the disease, 
speculations as to the agent responsible for inception of the changes 
cannot be avoided. Even though Traum, who first reported the condi- 
tion in the United States in 1916, did not agree that the disease was 
tuberculous, the condition is considered by many investigators as repre- 
senting a variety of tuberculosis. The evidence in support of the con- 
tention that the lesions are expressions of infection with Mycobacterium 
tuberculosis can be stated briefly as follows: (1) The histopathologic 
changes of the lesions are often indistinguishable from those induced by 
Mycobacterium tuberculosis; (2) acid-fast bacteria, morphologically not 
essentially unlike those responsible for true tuberculosis, occur in many 
of the lesions ; (3) cattle affected with subcutaneous nodules frequently 

5. Traum, J. : Cornell Veterinarian 13:240, 1923, 
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react to a diagnostic injection of tuberculin, and (4) cattle with these 
tubercle4ike nodules are often from herds in which genuine tuberculosis 
has been demonstrated previously. 

As impressive as this erndence may be, it is largely presumptive and 
does not constitute definite proof that Mycobacterium tuberculosis is 
the provocative agent. On the contrary, formidable arguments can be 
advanced to support the point of view that the infection is not truly 
tuberculous. These might be summarized briefly as follows: 1. The 
histologic aspects of a tubercle-like structure are unreliable criteria as 
to the nature of the etiologic agent responsible for a given lesion. The 
so-called tubercle is the result of a nonspecific, cellular reaction. Ana- 
tomic units or “tubercles” remarkably similar in cellular detail can be 
induced experimentally with such markedly dissimilar agents as Myco- 
bacterium tuberculosis. Brucella abortus and silicon dioxide. Therefore, 
the histologic characteristics of a given lesion are no criteria of its speci- 
ficity. 2. Attempts to culture from the lesions acid-fast bacteria that will 
cause tuberculosis in experimental animals have failed, as have attempts 
to produce tuberculosis by injection into cattle, swine, rabbits, guinea- 
pigs and chickens of emulsions of tissue prepared from the lesions.® 
3. A positive reaction to mammalian or avian tuberculin does not indi- 
cate an infection with the organism of mammalian or avian tuberculosis 
respectively. Group reactions may occur in which animals sensitized by 
infection with the organism of human or bovine tuberculosis may react 
to avian tuberculin, and conversely, those infected with the organism of 
avian tuberculosis may react positively to mammalian tuberculin." Sen- 
sitization to tuberculin may be due. in these cases, to undescribed and 
unidentified species of Mycobacterium in the lesions, or to a transitory 
residence in the animal of the bacilli of avian tuberculosis. 4. The 
localization of the lesions and the fact that in a large percentage of the 
affected animals internal lesions of tuberculosis are not discovered 
are contrary to what might be ex^iected of the organism of true 
tuberculosis,’^*'' 

6. In two instances I have succeeded in obtaining the organism of avian tuber- 
culosis from subcutaneous lesions of cattle, but I do not believe this organism of 
significance in the pathogenesis of the condition; too many additional lesions have 
failed to yield such organisms. 

7. Dolgopol, Vera B.: J. Infect. Dis. 49:216, 1931. Feldman. W. H.: 
J. Am. Vet. M. A. 83:344, 1933. Schalk, A. F.; ibid. 72:852, 1928. 

7a. Further evidence attesting to the localized character of the disease was 
recently brought to my attention by Dr. C. U. Duckworth, of the California 
Department of Agriculture, Sacramento. In a personal communication. Dr. 
Duckworth presented evidence showing that sensitivity to tuberculin disappears 
following the surgical removal of tuberculoid lesions of cattle. The procedure was 
carried out among approximately 220 animals that were affected with lesions of 
this character, and when the animals were subsequently retested with tuberculin, 
they failed to give a positive reaction. 



544 


ARCHIVES OF PATHOLOGY 


Although it can be stated that information available is definitely 
against the possibility of the tuberculoid subcutaneous nodule of cattle 
being due to a tuberculous infection, the final answer to the question of 
etiology^ must await additional investigation. The recent work of Dailies 
and Austin.® in which a variety of heretofore undescribed acid-fast 
organisms was isolated from a large number of so-called skin lesions, 
may be significant. However, until the lesions can be reproduced experi- 
mentally more or less consistently by the organisms isolated from the 
spontaneous lesions, the part of these organisms in the pathogenesis of 
the lesions cannot be precisely stated. 

Some, including Carpenter and Goldberg and Runnells, have made 
comparative studies of the so-called skin lesions of cattle and those 
of lupus vulgaris of man in an attempt to recognize a possible relation- 
ship between the two conditions. Carpenter and Goldberg considered 
the two diseases sufficiently alike stiaicturally to conclude that the 
lesions in cattle “are identical with skin tuberculosis (lupus vulgaris) in 
man.” Runnells also noted a morphologic similarity between the lesions 
of these two conditions, but pointed out some significant differences in 
that the lesions of lupus vulgaris are avascular, do not have a perivas- 
cular inception and appear to be more progressive. 

I have also examined material from cases of lupus vulgaris in man, 
and although histologically a general resemblance to the subcutaneous 
lesions of cattle exists, the fallaciousness of drawing conclusions from 
analogous lesions in different species should be kept in mind. I have 
shown ® in experimental tuberculous infections that the character of the 
reaction of the tissue to a given form of My^cobacterium tuberculosis 
varies with the species which has the infection. Tuberculosis is a disease 
of inconsistencies, and proper consideration must be given to many fac- 
tors before the exact character of a given lesion can be ascertained. 
Therefore a morphologic comparison of the lesion of lupus vulgaris of 
human beings with the subcutaneous nodules of cattle for the purpose 
of determining a possible etiologic relationship is likely to lead to wrong 
conclusions. 

That rarely lesions of the subcutaneous tissues may^ represent a true 
tuberculous infection is evident from the reports of Dayy^® Dailies and 
Austin and Nieberle. Dailies and Austin in one instance isolated 
IMycobacterium tuberculosis (bovis) from an animal which had internal 
lesions as well as cutaneous lesions of tuberculosis. 

Nieberle “ reviewed briefly^ a case originally^ described by Joest, in 
which there were multiple, flat, nodular masses in the subcutaneous tis- 
sues of the cendcal, thoracic and abdominal regions of a heifer affected 

8. Dailies, L. L., and Austin, Harold: Am. Rev. Tuberc. 27:600, 1933. 

9. Feldman, W. H.: Arch. Path. 11:896, 1931. 

10. Day, L. E. : J. Am. Vet. :M. A. 72:782, 1928. 

11. Nieberle. K. : Ergebn. d. allg. Path. u. path. .Anat. 25:631, 1931. 
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with generalized tuberculosis. Nieberle also mentioned cases of tuber- 
culosis of cattle in Avhich the cutis was involved, and Besnoit and 
Robin reported the occurrence of a similar case. The animal in Besnoit 
and Robin's case was an old cow with tuberculous lesions of the sub- 
cutaneous tissue on the right side of the wall of the thorax. At necropsy, 
sreneralized tuberculosis was observed, and the subcutaneous involve- 
ment was found to represent an extension from a subpleural tuberculous 
abscess. Lesions of the skin and subcutaneous tissues induced by the 
organism of bovine tuberculosis must occur rarely, and when present 
are probably, in the majority of instances, part of a tuberculous process 
present primarily elsewhere in the body. Such lesions must be assumed 
to arise bv direct extension or as a result of a hematogenous infection. 
Differing in this regard are the often encountered subcutaneous tuber- 
culoid lesions which are apparently not due to the organism of true 
tuberculosis and are limited in their distribution to the exterior sur- 
faces of the body. 

SUMMARY 

A histologic study was made of the spontaneous tuberculoid lesion 
of the subcutaneous tissues of cattle in which the reaction to tuberculin 
had been positive and in which lesions of true tuberculosis were not 
found. The specimens were obtained from twenty-one states of the 
United States and from Canada. There were thirty-four specimens 
which were considered tuberculoid because of the resemblance of the 
histologic characteristics to those of lesions of tuberculosis. Fourteen 
other specimens disclosed lesions that Avere considered nonspecific pyo- 
genic abscesses, and tAvo others revealed only thickening of the corium ; 
one Avas found to represent an adenoma of the sebaceous glands. 
Acid-fast organisms Avere present in tAventy-tAvo. or approximately 64 
per cent, of the thirty-four lesions that Avere designated as tuberculoid. 

Xo significant differences Avere obserA'ed in the character of the 
tuberculoid lesions in different sections of the United States, and the 
one lesion obtained from Canada Avas similar to the others studied. 

CONCLUSIONS 

The subcutaneous tuberculoid or so-called “skin lesion’’ of cattle 
Avhich react positiA'ely to tuberculin appears to be Avidely distributed OA^er 
the United States. The literature at this time suggests that the condi- 
tion occurs rarely in Continental Europe or in the British Isles. 

Histologically, the lesion is essentially a monocytic and epithelioid 
cellular reaction. Avith a peripheral and granulomatous encapsulation. 

Although the lesions usually closely resemble in appearance those 
of tuberculosis. CA-idence at this time indicates that agents other than 
the bacteria of tnie tuberculosis are probably responsible for the disease. 


12. Besnoit. C.. and Robin, V.: Rev. A’et. 5:409. 1923. 
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INTRODUCTION 

Certain granulomatous or tumor-like formations encountered in the 
most diverse parts of the body and under a great vai'iety of clinical 
conditions are distinguished by a special cell form, the main charac- 
teristics of which are a comparative!}^ large body of protoplasm with 
distinct multiangular borders and a foamy structure, the latter brought 
about by the removal of numerous droplets of lipoids by the fat-dissolv- 
ing solutions employed in the routine methods of preparation. 

Since such cells were first observed in a peculiar tumor of the skin 
named “xanthoma” or “xanthelasma” (on account of its yellow or yel- 
lowish-brown color), they are called “xanthoma cells” or, more descrip- 
tively, “foam cells.” 

Subsequent observations have established a number of facts which, 
in their potential correlation, have made the patholog}' of the xanthoma 
cell highly interesting. These are: 1. Pathologic structures containing 
xanthoma cells may occur in many other organs besides the skin. 2. Xan- 
thomatous formations occur as solitary, but also as multiiile, sometimes 
widely distributed tumors. 3. Xanthomas, both single and multiple, are 
often encountered in patients with an increase of cholesterol in the blood. 
4. The droplets that give the xanthoma cell its characteristic appearance 
consist of lipoids, chiefly cholesterol and its esters. 

The occurrence of xanthomatous tissue changes simultaneously with 
a disturbance of the blood chemistry suggests that these formations are 
not neoplasms but products of abnormal metabolism. Many authors 
assume them to be storage tumors produced by the pathologic fixation 
of superabundant lipoids resorbed from the circulation, and explain their 
structure more on the lines of a granuloma than on those of a neoplastic 
cell proliferation. It has been proposed to discard the term “xanthoma” 

From the Research Department of the Barnard Free Skin and Cancer Hospital. 

This stud3' has been aided bj' a grant from the Committee of Scientific 
Research of the American ^Medical Association. 



GR UENFELD-SEELIG—XA NTIJOMA 


547 


because these lesions are not true autonomous growths and at best deserve 
the ending “oma” to express a tissue reaction analogous to that follow- 
ing an injection of paraffin, namely, the so-called paraffinoma. With 
such philologic criticism we are in accord, and this study has been 
prompted by the desire for a clearer etiologic understanding of the 
pathology of the foam cell, Avhich rvould permit a scientific classification 
of its various forms. 

Rowland, in his meritorious treatise on the anomalies of lipid metab- 
olism, reviewed all detailed knowledge pertaining to this problem and 
voiced the opinion that all tumors or granulomas containing xanthoma 
cells are manifestations of one disease, a disturbance of the lipoid metab- 
olism to which he gives the name "xanthomatosis.” 

Rowland also advocated a monistic conception of the histogenesis of 
the foam cells. According to him and others, foam cells are always cells 
of the reticulo-endothelial system, which acquire their shape as the result 
of their phagocytic reaction to the presence of lipoids (increase in 
normal lipoids or the presence of foreign lipoids). This contention is 
not merely of theoretical importance. The surgical pathologist fre- 
quently encounters biopsy specimens in which the predominant finding 
is xanthoma cells, usually in connection with a varying degree of fibrous 
tissue formation. The question arises whether it is justifiable to diagnose 
xanthomatosis in the sense of Rowland’s conception on the basis of this 
microscopic finding alone, or whether pathologic formations of different 
and entirely unrelated genesis can assume the xanthomatous strucUne. 
It is evident that if Rowland’s theory is applicable to all cases, the prob- 
lem of xanthomatous formation is settled in very simple fashion and the 
pathologist is justified in making the microscopic diagnosis of xanthoma- 
tosis in every instance of foam cell tumors. 

According to recently accumulated observations, the pathology of 
xanthoma is of very wide scope. Innocuous and rather common lesions 
like the xanthoma of the eyelid or the so-called giant cell sarcoma of 
the tendon sheath line up with such formidable systemic disorders as 
Niemann-Pick’s disease and Gaucher’s splenomegaly. Rowland’s classi- 
fication may be given in order to illustrate how the chapter on xanthoma 
has expanded : 

.A.. Essential or primary disturbances of lipid metabolism with characteristic 

clinical and anatomic expressions 

1. Essential xanthomatosis (the variety affecting the skin, mucous mem- 
brane, tendon sheaths or viscera 

2. Niemaun-Pick disease 

3. Schiiller-Christian disease 

4. Gaucher’s disease 

B. Symptomatic or secondary forms of lipid metabolisnt «. 

Such forms are associated with diabetic lipemia and certain disorders of the 

liver and kidney in which the metabolic disturbance is secondary 
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A causal relationship between the formation of xanthomas and the 
abnoimal cholesterol content of the blood is most convincingly demon- 
strated in certain cases of diabetes. Here, disappearance of the tumors 
(or granulomas) follows restoration of the blood chemistry to normal 
conditions. In other forms of xanthomatosis the involvement of the 
reticulo-endothelial S3^stem is most obvious, as in Gaucher’s disease, Nie- 
mann-Pick’s disease and other generalized forms with extensive involve- 
ment of the bone marrow. 

The monistic conception of xanthomatous granulomas or tumors has 
strong arguments in its favor, but from our own experience and from a 
perusal of the literature we have gained the impression that for many 
cases, especially for solitary tumors, this explanation is without suffi- 
cient proof. 

It seems to us that the time is ripe for a critical analysis of what 
we have called the “monistic” or, possibly better, the “unifying” theory 
of xanthoma formation. As this theory is based on two assumptions, 
(1) the deidvation of the xanthoma cell from the elements of the 
reticulo-endothelial system and (2) a preceding hypercholesteremia, we 
shall review the subject under the two heads of pathologic anatomy and 
pathologic physiology. This separation is advisable because the correct- 
ness of one phase of this theorv may stand in spite of an apparent 
weakness of the other. 


I. PATHOLOGIC ANATOMY 

In his textbook, “Traite des maladies de la peau,” published in 1S36, 
Ra)'^er portrayed, under the title “plaques jaunatres,” yellowish skin 
efflorescences, usually located on the eyelids, but occasionall}'^ found in 
other parts of the integument. Several Englishmen, Addison and Gull, 
Wilson and W. F. Smith, published the first detailed clinical reports. 
The last mentioned author used the term “xanthoma,’’ which soon became 
the accepted term for this lesion. Microscopic examinations were 
reported by Pavy, Fagge, Hutchinson, Waldeyer, ^^irchow, Kaposi and 
Chambard, all of whom are quite in accord in describing the histologic 
picture. They found a proliferation of the cellular and fibrous elements 
of the cutis and peculiar large cells loaded with numerous fat droplets. 
While most of these authors considered the whole process, including 
the appearance of the cells containing the fat droplets, to be a reaction 
of the connective tissue, other contemporary students, e. g., Wilson, 
Hebra^ and Kaposi, Geber and Simon, interpreted the fatty cells as 
In-pertrophic formations of sebaceous glands to which, indeed, they have 
a striking resemblance in view of the foamy structure of their pro- 
toplasm. 

1. Later on Hebra revised his opinion; he regarded xanthoma as a peculiar 
fatt)' neoplasm. 
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Chambarcl published excellent lithographs of microscopic sections 
and adopted the name "xanthoma" from W. F. Smith for the pathologic 
findings, thus introducing this term into the continental literature. 
Among the great number of older publications on the histology of 
xanthoma, the ones by Torok and Geyer seem to be of special interest. 
Tdrdk found the xanthoma cells arising from tlie adventitia of small 
vessels, but. not knotring that their granules differ chemically from the 
fat in regular adipose tissue, he believed them to be embryonal fat cells. 
Geyer. on tlie other hand, brought forth equally good evidence for the 
origin of tliese cells from tlie intima of the smallest hanph vessels. 

Toepfer described a xanthoma with absence of foam cells, the fatty 
granules being contained in the tiqiical spindle cells of lypertrophied 
connective tissue. 

The early investigators also discussed the general pathologi* of these 
lesions. \\'aldeyer (1871) emphasized the difference between a fatty 
cellular degeneration and the infiltration of cells irith fat in his case of 
xanthelasma palpebrarum : "The fat droplets assume considerably 
larger size and there is no eridence that these fat inclusions damage the 
cells, because, after extraction of the fat. a good deal of protoplasm 
becomes visible, and a well fonned nucleus appears. Xo colliquation of 
cells or any detritus can be found.” 

^'irchow corroborated Waldeyer's description with the report of a 
case of molluscum lipomatodes (in his tenninolog}') and a xanthomatous 
growth of the conjunctiva which had obliterated the comea. He 
described a xantlioma nodule as follows : ". . . The peripheral and 

the young elements consist almost entirely of proliferating connective 
tissue cells, which occasionally somewhat resemble sarcoma on account 
of their great number and their size. Nowhere was tliere anv evidence 
that the progressive infiltration with fat initiated a necrobiotic process. 
This process may be compared with tlie fattA- metamorphosis of certain 
connective tissue structures as. for instance, that of the inner lining of 
the aorta, but the integrity of the cells (in the case of xanthoma) is not 
mtertered with. . . ." This reference to the atheromatous degener- 

ation of the aorta anticipated the establisb.ment. at a much later date, of 
a chemical relationship between these processes. 

Emphasizing the role of the peculiar foamy cells in the histologic 
picture of xantlioma, de ^ incentiis and Touton regarded these lesions 
as neoplasms, inferring that CA'erA- xanthoma cell is derived directlv from 
another one of the same structure. Unna was ver}- specific about a 
totally different histogenesis. In a cutaneous xanthomatosis in a diabetic 
patient, he found fibroblasts in all stages of transition to foam cells. In 
the center of a xanthoma, surrounding fat crA'stals. were enlarged 
epithelioid-like cells stufied with fat droplets and not infrequentlv mp- 
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tured by these enclosures. Toward the periphery, the cells gradually 
assumed the shape and size of regular fibroblasts while the content of 
fat droplets decreased conspicuously. A zone of normal spindle cells 
formed the border of the focus. Krzysztalowicz substantiated these 
observations and concurred with Unna in his opinion about the fibro- 
blastic origin of the xanthoma cells. 

By this time the clinical aspects of xanthomatous lesions had become 
quite complex. It was known that xanthomatous lesions of the skin were 
frequently associated with jaundice and diabetes. They were obsen^ed 
as solitary tumors, as symmetrical lesions (i. e., on the eyelids) and as 
multiple and even generalized growths. Macroscopically, the tumors 
considered to belong to this group varied greatly in size, site, depth, 
color and consistency. The question arose whether these different patho- 
logic formations could still be considered to express an entity on the 
strength of their histologic appearances. 

Tdrok found typical foam or xanthoma cells in* all the different 
clinical forms (xanthoma of the eyelids, the single and multiple tumors 
of the skin and the xanthomatous lesions associated with jaundice). 
However, he regarded the diabetic form as a separate disease of an 
inflammatory nature in which an infiltration with e.xudate cells and a 
necrosis of fatty degenerated cells prevail. 

Unna, on the contrary, considered the diabetic xanthoma typical of 
and identical with generalized xanthoma. But his comparative studies 
led him to the conclusion that the solitaiy xanthomatous tumors contain- 
ing giant cells should be separated from the groups of generalized 
xanthoma ; that, likewise, xanthoma palpebrarum is a pathologic jrrocess 
sin generis because the accumulation of fat takes place extracellularly in 
the lymph spaces. 

If one accepts these somewhat divergent observations of the earlier 
students as authentic it appears that cutaneous xanthoma shows as much 
variation in histologic detail as in clinical appearance. There is, however, 
no histologic formation specific for any one of its clinical forms in spite 
of repeated attempts to reserve certain microscopic peculiarities for some 
of them. Any such contention advanced by an author has been disproved 
by an equally competent observer of clinically identical material. The 
differences in the microscopic observations are apparently incidental to 
the individual cases and more dependent on the developmental stage of 
the lesion than on any etiologic specificity. 

More recent observations on a larger series of cases of cutaneous 
xanthoma support the conclusion that variations in the histologic struc- 
ture are without significance for an etiologic differentiation. 

Additional evidence for a close relationship of all the different clin- 
ical and histologic pictures* of cutaneous xanthoma was gained when 
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Stoerck discovered that the characteristic cellular inclusions of the 
xandioma cell were not fat but a doubly refractive lipoid substance. 
Although Stoerck beheved that this lipoid was a product of protein 
decomposition (he called it "protagon"). Pinkus and Pick soon identi- 
fied it as a diolesterol compound and associated it with the hypercholes- 
teremia kown to exist often in patients suffering from generalized 
xanthomatosis. The same chemical substance was found in all fonns of 
xantlioma — ^xanthoma of the eyelids, solitar}- xanthomatous timiors and 
the xanthoma cells that sometimes appear in the vicinity of chronic foci 
of suppuration. The details of the histologic structure came to be con- 
sidered as of less importance than the presence of the cholesterol com- 
pound in the tissue. Lubarsch and Bross studied a case of severe and 
rapidly fatal diabetes with a yellow discoloration of the total skin sur- 
face, believed to be jaimdice, in which an autopsy disclosed extensive 
xanthomatosis (cholesterol ester deposits) in the visceral organs and 
the bone marrow. Under the microscope, tire lipoid droplets were 
foimd; (1) as extracellular masses engorging lymph spaces and small 
vessels; (2) within the endothelial cells of h-mphatic and blood capil- 
laries; (3) in typical connective tissue cells and in proliferating spindle 
cells arranged along the course of blood vessels; (4) in xanthoma cells 
which appeared to develop from the lining cells of the h-mph spaces. 
The 5 *ellow discoloration of the skin was due to a hea\ty infiltration of 
the cutaneous lymph spaces n-ith columns and droplets of lipoid sub- 
stance.- Lubarsch concluded tliat the histologic details of xanthomatous 
lesions are of only minor importance. The essential pathologic factor is 
the flooding of the circulation with lipoids and their stagnation in the 
hanphatic pathways. Incidentally, and possibl)' oaring to mechanical cir- 
cumstances, endothelial or connective tissue cells may react to the 
increasing concentration of these substances wth the formation of foam 
cells. Cans, in his recent textbook on the histologA' of cutaneous dis- 
eases, also doubted the significance of histologic differences in the 
structure of xanthomas. He expressed the opinion that the cells which 
participate in the formation of xantltoma or foam cells are eitlier 
endothelial or connective tissue cells, and that the infiltration with fatU* 
acid esters of cholesterol is a phenomenon of storage rather than a 
degenerative process of the protoplasm, because karr'okinesis takes place 
in young xanthoma cells. In older foci, a replacement of tlie lipoid- 
containing cells b}* dense connective tissue takes place ; this replacement 
may go so far as to obliterate all traces of xanthomatous substance and 

2. Diabetic xanthosis has been observed and described b 3 - von Xcorden and 
Umber \vithout reference to xanthomatosis and Iwpercholesteremia. .\ccording to 
recent investigations, the discoloration of the skin is usualK' due to an excess of 
lipochromic substances in the blood (Burger and Reinhart). 
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cells, the only remnant of the previous cholesterol infiltration being a 
yellow pigment, lipofuscin, in cells reduced to normal dimension and 
shape. 

Pollitzer and Wile, describing the histologic variability of cutaneous 
xanthomas in one and the same case, claimed that the xanthoma of the 
eyelids is histologically different from other forms of cutaneous xan- 
thoma. They found that the condition is due to a degeneration of the 
muscle fibers contained in the eyelids. 

Visceral Xanthomatosis . — Visceral xanthomatosis associated with the 
cutaneous lesions was described by the early English observers. In the 
more recent literature, Murchison is often cited as having published 
the first report, although in his paper dealing with a case of jaundice and 
xanthoma of the eyelids he mentioned only a cirrhotic change in the 
liver. 

Fagge reported the case of a patient who had intensive jaundice of many years’ 
duration, xanthomas of the e 3 ^elids and cutaneous tumors on the hands. At autopsj', 
cirrhosis of the liver was found as the cause of the jaundice. The vocal cords and 
the mucosa of the trachea ^ were the site of yellow patches with a histologic struc- 
ture identical with the xanthomatous lesions of the skin. Furthermore, similar 
patches occurred on the endocardium and on the intima of the large vessels includ- 
ing the pulmonary artery. Xanthomatous tumors were also found arising from 
the tendon sheaths of the fingers. 

Pye-Smith had a patient suffering from intermittent jaundice due to stones in 
the common bile duct who, at a later stage of the jaundice, showed xanthomatosis 
that was at first confined to the eyelids and palmar surfaces of the hands. The 
cutaneous lesions spread slowly, uninfluenced by temporarj’^ improvement of the 
jaundice. She finallj’^ succumbed to erysipelas. The autopsy confirmed the diag- 
nosis of stones in the common bile duct. Patches of xanthoma were found on the 
peritoneal surface of the spleen and in the mucosa of the bile ducts. 

In a patient with generalized cutaneous xanthoma, Balzer found patches on the 
endocardium and pericardium. The cause of death was an e.xtensive pulmonarj" 
tuberculosis. 

Interesting is the publication of Lehzen and Knauss concerning the occurrence 
of generalized cutaneous xanthomatosis in two sisters, 11 and 9 years of age. The 
elder sister died, probably from heart failure. The clinician (Leube) had sug- 
gested the possibilitj' of xanthomatous lesions in the heart. At autopsj', this 
suspicion was confirmed. The mitral valve carried xanthomatous plaques, likewise 
the intima of the aorta, pulmonary artery and coronary vessels. The left carotid 
artery wa% almost completely stenosed by the xanthomatous proliferations, 
xanthoma cells being present in the walls of the vessels. Multiple xanthoma was 
also found on tendons and joint capsules of the hands. 

Pinkus and Pick reported on pachymeningitis interna xanthomatosa in a patient 
with hypertrophic cirrhosis of the liver, with jaundice and extensive xanthomatosis 
of the skin. 

Low’s case is almost identical with the one described by Lehzen and Knauss. 

3. Observ'ations on xanthomatosis with a localization in the larynx and trachea 
were recently published by Finney, Montgomery and New. 
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Chvostek’s publication is especially valuable on account of a detailed 
histologic study. The avhopsy of a jaundiced patient revealed a diffuse 
proliferation of what appeared to be typical xanthoma cells in the liver. 
These cells were seen developing from Kupifer’s cells and producing a 
distortion of the hepatic cell columns and biliary capillaries. In the skin 
of the same patient there existed a rather generalized xanthomatous 
eruption, which on microscopic examination was found to consist of 
foam cells. These cells, however, appeared to be transformed fibroblasts, 
no connection with endothelial cells being demonstrable. Still more 
i-emarkable were the histochemical difierences in the two types of foam 
cells in the same patient. The cellular inclusions of the foam cells in 
the cutaneous lesions were doubly refractive in polarized light and 
stained with lipoidophil stains ; these reactions could not be reproduced 
in the foam cells of the liver. Chvostek considered it possible that 
unknown chemical reactions in the liver interfered with the t3^pical reac- 
tivity of the lipoids. Indeed, the histochemical methods for the detection 
of the so-called lipoids are based on such veiy complex and incompletely 
understood reactions as to make the evaluation and interpretation of 
sections so processed rather difficult (Arndt). Chvostek’s case also sug- 
gests that hypertrophic biliary cirrhosis might be produced by a xan- 
thomatous proliferation of the endothelial cells of the liver. Similar 
processes might have been responsible for some of the other cases of 
xanthomatosis associated with biliar}^ cirrhosis and jaundice, this his- 
tologic process often having been obscured by the fibrous end-stage. 
Hardaway and Hallopeau independently advanced the theor}- that locali- 
zations of xanthoma m the liver and pancreas, respectively, produce the 
jaundice and the diabetes so frequently found associated with xanthom- 
atous conditions of the skin. Of course, these hypotheses cannot be 
regarded as a generally valid theory. Sickemeier described a case of 
cutaneous xanthomatosis with cirrhosis of the liver and jaundice, in 
which the process in the liver was due to a miliar)' hepatic tuberculosis. 
Schulte, also, reported a case of visceral xanthomatosis, characterized by 
severe jaundice of long duration, due to an obstruction of the common 
bile duct by a carcinoma of the pancreas. Foam cell proliferations were 
found in the capsule of the liver and spleen and in a solitary xanthom- 
atovis tumor of the skin in the bend of the elbow. 

Lubarsch’s case (see also Bross). referred to before, also represents 
typical visceral xanthomatosis. 

We have revierved these reports somewhat in detail, because they 
show convincingly not only that xanthomatous cell proliferations may 
occur in internal organs, but also that the cutaneous and visceral lesions 
are etiologically related. This does not obviate certain histologic and 
sometimes even histochemical difl'ercnces in the various manifestations 
in one and the same case. 
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Xanthomatosis of the Hematopoietic Organs . — Quite recently these 
pathologic conditions have become the object of numerous investigations. 
Unlike the clinical forms enumerated in the foregoing section, this group 
of xanthomatous diseases shows a lesser tendency to be manifested in 
lesions of the skin. This fact may explain why clinical recognition has 
been achieved only in I'ecent years. Indeed, in many instances the 
xanthomatous cell proliferation is restricted to the organs of the hema- 
topoietic system.^ 

A diabetic metabolism occasionally may here, as in other forms of 
xanthomatosis, account for the development of the lesions. Representa- 
tive of such a secondary xanthomatosis in the hematopoietic organs is 
the so-called diabetic lipoid hyperplasia of the spleen. (The literature 
has been reviewed b}’’ Pick.) This condition develops occasionally in 
patients who succumb to a severe, rapidly progressing diabetes, with 
lipemia and hypercholesteremia. The typical pathologic changes consist 
in a replacement of the splenic pulp by foam cells containing droplets of 
cholesterol esters. In a few cases the same changes have been found 
simultaneously in the bone marrow, in visceral lymph nodes and in the. 
liver. In cases in which the xanthomatous process involved also the 
intima of large vessels and the endocardium, the pathologic picture 
approached that of a type of generalized diabetic xanthomatosis 
described b}^ Lubarsch and Bross. 

The xanthomatosis of hematopoietic organs without underl3dng dia- 
betic diathesis is, in the light of present day knowledge, not an entity 
but a group of several intei'esting diseases distinguished from one 
another by clinical and chemical peculiarities. Three typical forms are 
recognized: (1) Gaucher’s disease; (2) the Hand-Christian-Schiiller 
syndrome, and (3) Niemann-Pick’s disease (Rowland; Chiari ; Chester; 
Henschen) . 

The histology of Gaucher’s disease differs noticeably from that of 
the other forms, because the large pale cells found in this condition have 
not the foamy protoplasmic structure of xanthoma cells. However, it 
is included in this group for the reason that these cells are of the same 
derivation as the foam cells and also contain a lipoid substance. 

The Hand-Christian-Schuller syndrome is produced by xanthomatous 
changes of the bone marrow of the skull. By the pressure exerted on 
the adjacent organs the symptoms of exophthalmos, diabetes insipidus 
and possibly other pituitary dysfunctions arise. The xanthomatous 
proliferations sometimes involute spontaneously and, according to Sos- 
man and Lazarewa, are sometimes radiosensitive. Abrikossoff and 

4. Peripheral lymph nodes which might present themselves for biopsy are 
rarely involved. The case reported by Robertson and Warren seems to be e.vcep- 
tional in this respect. 
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Herzenberg (1929), Herzenberg (1928), Pick and Lubarsch have dis- 
cussed the question whether cases without the typical distribution of 
foci in the cranial bone marrow, as described by the original observers, 
may justly be included in this group. Chiari and Davison have made a 
special study of xanthomatous lesions in the brain in this disease. The 
pituitary disturbances are frequently the result of a xanthomatous 
involvement of the nerve or glandular tissue and not always due to 
pressure from adjacent xanthomatous lesions of the bone. Occasionally, 
xanthomatous (foam cell) foci can be found widely distributed through- 
out the central nervous system. 

Niemann-Pick’s disease is considered to be a racial and familial 
disease occurring in female infants of Jewish extraction. It usually 
terminates fatally before the patient reaches the second year of age. 
Xanthomatous proliferations are found mainly in the spleen and liver, 
but may involve almost any organ — bone marrow, lymph glands, lungs 
and brain.® 

The literature on these diseases is almost contemporary and is still 
increasing at a fast rate. Adequate surveys have been made repeatedly 
(Pick; Rowland), and so it may suffice to point out certain histologic 
details. All three diseases are characterized by the proliferation of large 
pale cells, the histolog}’’ of which shows certain special features. The 
Gaucher cell does not assume the honeycombed or foamy appearance, 
because the specific lipoid substance, kerasin (Epstein), does not dis- 
solve in fat solvents as do the lipoids in other xanthoma cells, nor does 
it give color reactions with fat stains or double refraction in polarized 
light. Certain fibrillar structures can be produced in its protoplasm with 
special staining methods, which help to identify the cell. Gaucher cells 
develop in the spleen from reticulum cells, while the endothelium of 
the venous sinus remains at rest. A second source of the Gaucher cells 
is often the periadventitial cells of the splenic arterioles. Gaucher cells 
may vary in size and shape considerably more than other xanthoma cells. 
They may be found also in the liver and bone marrow; in a few cases 
the latter has been found to be predominatingly involved. 

The foam cells found in Hand-Christian-Schuller’s disease are of 
typical shape and contain droplets of cholesterol and its fatty acid esters. 
According to Pick, they originate from reticulum and periadventitial 
cells exclusively. A slowly fibrosing granulation tissue supervenes and 
replaces the foam cells in a later stage of the process. This granulation 
tissue is entirely absent in the histologic picture of Gaucher’s disease and 
Niemann-Pick’s disease, in which fibrosis occurs, too. but is brought 
about by a direct condensation of intercellular substance. 

5. Pick and Bielschowskj^ believe that congenital amaurotic idiocj-, type Tay- 
Sachs, is a lipoidosis with identical histology distinguished from Niemann-Pick’s 
disease by the predominantly cerebral localization (Pick). 
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The foam cells found in Niemann-Pick’s splenohepatomegaly have 
also the appeal ance of typical xanthoma cells. Their cellular inclusions 
react positively to lipoid stains, although with a different shade of color. 
Chemically, they have been identified as phosphatid lipoids or lecithin. 
The pathologic process is far more generalized than might be suspected 
from the appearance in the gross. In addition to the spleen and liver, 
the visceral l}-mph glands, bone marrow, lungs, thyroid gland, salivary 
glands, the connective tissue in general, the muscle tissue (especially 
that of the heart) and frequently the central nervous system 
show phosphatid substances deposited either in regular tissue 
or in foam cells. The foam cells develop mostly from reticulum 
cells and to a lesser degree from the endothelial lining of small vessels. 
However, commensurate with the diffuseness of the process, other cell 
types undergo foamy transformation — liver cells, the cells of the pul- 
monai-y alveolae, fibroblasts, glandular epithelium, muscle and nerve cells. 

These three diseases form the group of primary xanthomatosis of 
the hematopoietic system. Each disease is clinically, histologically and 
chemically sufficiently different for one to ascribe autonomy to each of 
them. Considerable variations in the clinical course and the anatomic 
distribution may be found in the individual cases, making an even 
approximately complete description of all known varieties and possi- 
bilities an extensive stud)^ Evidently the stud}’’ of these diseases has 
furnished much support to the theory that foam cells in general are 
cells of the reticulo-endothelial system in a stage of reaction to lipoid 
substances. On considerably less convincing evidence, the obseiwations 
on cutaneous and visceral xanthomatosis may still be considered com- 
patible with this conception. 

The validity of this theory appears to be less well established in the 
groups of lesions which we shall now take up, even though it is diffi- 
cult to doubt their systemic nature. 

Xanthomatosis of Tendons and Paraicndinons Tissue . — The case of 
Eagge, Lehzen and Knauss, Low, and Hardaway, already cited, show 
that tumors iiwolving the tendons and paratendinous tissue are one of 
the potential manifestations of xanthomatosis. Reports of similar cases 
have been repeatedly published : 

Poensgen observed two 3 ’^oung boys, cousins, with numerous xanthomas of tlie 
skin, tendons and paratendinous tissue without underljdng diabetes or icterus. 

Carry reported a similar case occurring in a 10 j'ear old girl in whom, in addi- 
tion to xanthomatous efflorescences of the skin, subcutaneous tumors of the same 
type arose from the tendo achillis, the patellar ligament and the periosteum of the 
malleoli. In 1889, Ehrmann (Torok) reported on the brother of one of Poensgen’s 
patients, afflicted with xanthomatous tumors of a similar distribution and a probable 
visceral involvement as suggested by the development of ascites and the enlarge- 
ment of abdominal veins. 



GRUEXFELD-SEELIG— XANTHOMA 


00/ 


Addison and Gull, pioneer investigators oi xanthomatosis, mentioned as early 
as 1851 the involvement of tendons of the fingers in one of their first three cases. 
Torok's collective paper, published in 1893, refers to seventy- cases of xanthoma in 
ten of which tendinous and paratendinous tumors were mentioned. The series of 
comparable cases was continued in 1910 b}' Arning with a report of familial 
xanthomatosis afflicting a mother and four of her nine children. Other contribu- 
tions have been made by Hoessli, Knowles and Fischer. Wolodin, Chalatow. 
Krogius, Harbitz. 2iIc\\'orther and Weeks, and Weidman and Freeman. Chalatow 
found the xanthoma cells developing from connective tissue cells (cited by von 
.AJbertini). Reports have been published more recently bj' Kusnetzowsky. Krecke, 
von Albertini. Ollerenshaw. and Xathan and Herrmann. 

Tendons and tendon sheaths evidently become rather frequenth' 
involved by xanthomatous tissue changes. The intimate relation betAveen 
these multiple tendon tumors and other forms of xanthomatosis is e\'i- 
denced by many clinical features in the individual cases. Why a sys- 
temic xanthomatosis may manifest itself in these structures. hoAveA'er. 
can hardly be explained by the theocA' that it represents a reaction of 
reticulo-endothelial cells. Aschoff -and Landau’s definition of this cell 
system does not include any cell complexes located in these tissues. 
While Ave admit the systemic nature of this type of tendinous xanthoma- 
tosis, Ave shall present!}- refer to a group of xanthomatous lesions of 
identical anatomic location in which the diathetic character of the xan- 
thomatous process is debatable. 

Solitary Xanthomatous Giant Cell Tumor. — Arising in the same tis- 
sues. from tendons, paratendinous tissue, aponeurosis or other dense 
connective tissues solitary tumors have been described by Chaissagnac 
(1852), Spencer- Wells (1857) and later by Billroth and Czerny 
(1869) and subsequently in literature quite remote from the sphere of 
interest of the students of xanthoma (for the literature, see A'on 
Albertini) . 

This solitai-}'. Avell encapsulated and, in most cases, definitely lobu- 
lated tumor is found usually on the hand or the foot in intimate con- 
nection Avith a tendon but rarely inA'oh'ing it. The histologic structure 
resembles that of a sarcoma of the epulis type, the constituent cells 
representing seA-eral types of mesench}Tnal cells. It contains spindle or 
round cells, giant cells. connectiA’e tissue fibers and. as a rule, a broAvn 
pigment, hemosiderin. ReA-erdin emphasized the benign clinical course. 
Heurteaux described the giant cells as being identical Avith the myeloplax 
cells of the bone marroAv, and Dor found xanthoma cells in this tumor. 
Dor therefore contended that tumors of this tA'pe. heretofore called 
myclomcs dcs gaines tendineiises by the French and .vanthosarcoma 
giganto cclhdarc pigmentosum by the Germans, belong to the categor\- 
of xanthoma. Pathologists still haA-e not come to an agreement on this 
question. In connection Avith our problem, the uniform genesis of foam 
cell tumors, this controversy is of definite importance. 
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At present two opinions concerning their nature are generall}' voiced : 

(1) Tliese tumors are benign neoplasms of the connective tissue with 
a more or less incidental admixture of xanthoma cells, these cells beine 
rather unessential or even inconstant elements of the new growth 
(Spiess; Landois and Reid; Katsurashima ; Krogius; von Albertiiii). 

(2) These tumors are granulomas following traumas of the tissues or 
arising from humoral disturbances or caused by both (Fleissig; Weil; 
Seyler; Sprenger). 

After comparing the more recent descriptions, and after studying 
Our own cases, we have the impression that in their microscopic details 
they do not differ essentially from other xanthomatous formations. The 
proliferation of fibroblasts, the giant, cells, the hemosiderin pigment and 
the occasional infiltration by inflammatory cells are also found in 
lesions the non-neoplastic nature of which is well established. Thus the 
histologic anatysis does not contribute much toward the solution of the 
question as to whether these tumors are neoplastic or identical with 
xanthomas in general. Von Albertini and Tramonto and Fittipaldi 
Avished to include these tumors in the general category of mesenchymal 
giant cell neoplasms, more commonly found arising from periosteum, 
bones, joints, tendon sheaths and skin. They supposedly form an inter- 
mediate group between the fibromas and the sarcomas, and develop from 
embryonic mesenchymal rests. Xanthomatous features are as a rule found 
onl)'’ in those tumors which are located at the tendons or in the skin. 
This is presumably due to chemical peculiarities of these tissues, which 
is also suggested by the predilection with which general xanthomatosis 
manifests itself in the same tissues. We have to refer to von Albertini's 
excellent presentation of this subject containing an extensive discussion 
of respecth'-e cases. 

There are certainly features which suggest that these formations arc 
true neoplasms. For instance, their well encapsulated and lobulated 
form is repeated by other tumors occurring in the same tissues, lilce 
chondromas and myxomas. In a considerable proportion of the giant 
cell tumors of these structures xanthoma cells have been found present 
only in small numbers or even totally absent (Coenen; Landois and 
Reid). A few of these tumors have shoAvn tendencies to infiltrate, with 
erosion of joints and bones. Tumors of the bone man*ow similarly 
composed and apparently related to the so-called osteitis fibrosa cystica 
of von Recklinghausen ® have been repeatedly found to contain foam 
cells (Kolodny; Krogius; von Albertini; Saralegui and Gonzales; 
Schroder; LazareAva; Zeyland and Dega). 

6. Curiously enough, osteitis fibrosa cystica presents similar problems for an 
intelligent classification. The histologic and radiologic features characteristic of 
this condition are found in a localized and in a multiple bone disease. For the 
latter, in quite a number of cases, a hormonal-metabolic disturbance could be found 
as conducive to the osteitic changes (Mandl and others). 
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Investigators who approached the subject from the held of gener- 
alized xanthoma also have often proposed a dualistic classihcation of 
xanthomas. For instance, Unna separated xanthomatous tumors con- 
taining giant cells from the group of ordinary xanthomas, and Pinkus 
and Pick, who contributed so much to the theory of cholesterol 
diathesis, also believed that some of the xanthomas are neoplasms with 
a secondary admixture of xanthoma cells (see later paragraphs). 
Aschoff's school sponsors a classification of xanthomas which distin- 
guishes between primary xanthomas, or tumors due to a hematogenous 
cholesterosis, and secondary xanthomas, or degenerative processes in 
tumors or inflammatory processes (Kammer). 

Xanthomaions Fo)inatio)ts the Structure of JFJn'rh Is Predom- 
inantly Neoplastic. — In the following a svwvey is given of xanthomatous 
formations with a histologic structure dissimlar from that of typical 
xanthoma inasmuch as the cellular elements predominant in them char- 
acterize them as neoplasms. 

Endotheliomas : The authority of Pick is again invoked for a 
number of cases reported b}- C. PI. Smith : 

Case 1. Tumor of the tongue with foam cells forming s\'ncytiR encroacliing on 
normal-appearing muscle fibers. 

Case 2. Tumor of similar composition removed from the labium majus pudeudi. 

Case 3. Foam cell tumor of the parotid gland. 

Case 4. Psammoma of the dura, with xanthoma cells distributed among the 
spindle cells. 

Pick and C. H. Smith interpreted these tumors as interfascicular hunphangio- 
endotheliomas with storage of cholesterol and subsequent transformation of their 
cells into foam cells, the storing being due to an abnormal metabolism of the tumor 
cells. A similar storage occurs in certain other tumors, which accumulate gly- 
cogen, although the parent tissue lacks this faculty. 

Two cases of cystic lymphangioma, identical in their clinical aspects, arc 
described by Kirch. In both instances, the tumor was removed from the subcutane- 
ous tissue in the region of the knee. The cystic cavities contained cholesterol 
crystals suspended in a thin fluid. The walls of these cysts had the multicolored 
appearance of xanthofibrosarcoma (solitary xanthoma). ^Microscopically, the 
tumors were composed of two different elements: The first was endothelial cells 
in solid aggregates or forming cysts of greatly varying size. These cells contained 
hemosiderin and lipoid droplets and were found in all stages of transition toward 
large xanthoma cells. The second structural element was a sarcomatous stroma 
of tlie epulis type entirely free from demonstrable cholesterol infiltration and its 
cells showed no connections with the foam cells. 

A third case of Kirch's was that of an endothelioma of the dura, the neoplastic 
character of which was especially ascertained by the occurrence of cells of the 
neurinoma type. 

Beitzkc found foam cells containing cholesterol esters in a tumor of the ccrc- 
hellopontilc angle of the ganglioneuroma type. 
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Lipomas and Fatty Tissue: Ewing mentioned the more or less fre- 
quent occurrence of lipoid-containing foam cells in lipomas of A'arving 
degiees of cell differentiation. More frequently similar appearing poly- 
hedral cells are found which contain droplets of neutral fat and are 
arranged along the large vessels traversing the tumor. 

Adair, Pack and Farrior described a tumor, 13 pounds (5.8 ICg.) in weight, 
removed from the anterior aspect of the thigh. According to the microscopic 
examination, this growth was a xanthomyxolipoma with foam cells predominant. A 
year later a recurrence showed the more uniform structure of liposarcoma. No 
information is given about the chemical nature of the intracellular droplets. 

Proescher and Meredith described as multiple myxocholestolipoma tumors 
occurring in a woman 32 3 'ears of age. Three of them were located subcutaneously 
and two intra-abdominally in the retroperitoneal space at the insertion of the meso- 
colon transversum and descendens; respectively. Ojm of the abdominal tvniors 
was removed, but a year after the operation the patient succumbed to a recurrence, 
with dissemination of tumor masses over the peritoneal surfaces, accompanied by 
ascites. These tumors consisted of mj’-xomatous tissue with islands of foam cells 
giving the histochemical reactions of lipoids and showing double refraction in 
polarized light. 

Xanthomatous transformation of the mesentery is rare although 
typical enough to be the sul^ject of several 25ublications. The xanthom- 
atous changes take place mainly in the areolar tissue of the radix 
mesenterii (Schlagenhaufer ; Verse; Hirsch; Karoliny; Petri). Verse 
found in most of his cases a blocking of the lymphatic vessels due to 
tuberculosis, tumor of the liver or carcinomatosis of the thoracic duct 
or to other mechanical factors. Karoliny observed ten cases of mesen- 
teric xanthomatosis, most of them occurring in elderly and overnour- 
ished i^atients. He considered the mechanical explanation advanced by 
Verse as not adequate, because he failed to reproduce experimental!}'' 
xanthomatous changes in the mesentery by compressing or ligating the 
thoracic duct. Nevertheless, he confirmed Verse’s and Hirsch’s observa- 
tion that the lymph nodes in the vicinity of the xanthomatous changes 
are regularly fibrosed. Petri refi'ained from offering an etiologic 
explanation of her case, Avhich Avas that of a diabetic patient, 69 years 
old, Avho died from a far advanced carcinoma of the vulva. 

Epithelial Tumors: Corten * described a tumor, the size of a fist, 
remoA'^ed from the subcutaneous tissue of the buttocks. The microscopic 
examination shoAved a stroma and a parenchyma in clear differentiation. 
The latter consisted of foam cells Avhich in the larger aggregates formed 
pearl-like bodies giving a modified keratin reaction. The stroma con- 
sisted of a tissue of the type of giant cell sarcoma Avith myeloplax and 
foamy giant cells (Touton cells). The occurrence of the pearl-like bodies 
surrounded by foam cells suggested an epithelial derivation of these cells, 
and the tumor Avas assumed to have arisen from the misplaced anlage 
of -a sebaceous gland. 
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Kneringer and Priesel examined a thymoma occurring in an elderly 
patient. Both the epithelial and the lymphatic elements were in a stage of 
neoplastic proliferation. Foamy protoplasmic structures were found in 
cells of both types. The thymus during its physiologic activity is one 
of the organs that contain greater amounts of cholesterol (Dietrich and 
Kleeberg). Possibly the chemical affinity of the parent tissue was 
responsible for the lipoidophil behavior of the tumor cells. 

This explanation was also suggested by Corten for the foam cells of a 
metastatic growth in a suprarenal gland secondary to a carcinoma of 
the breast. Here the cancer cells contained more and larger droplets of 
cholesterol esters than the surrounding suprarenal cells. The primary 
tumor and the metastases in other organs laclced the lipoid infiltration. 

Kinoshita found foam cell structure and lipoid infiltration in the 
cells of a carcinoma of the prostatic gland of otherwise typical appear- 
ance. Lipoids are not uncommonly found in high concentrations in 
normal prostatic glands. 

Petri found that the cells in an adenocarcinoma of the stomach and 
its metastases in the liver assumed the appearance of typical foam cells. 
Examination in polarized light and differential staining with lipoidophil 
d5’'es, however, proved that the cellular inclusions were neutral fats and 
not cholesterol compounds. In accord with Pick’s opinion, referred to 
before, this fat infiltration was interpreted as due to a peculiarity in 
the cell metabolism of this special neoplasm. 

Foam cell structures in tumors of epithelial or mesothelial derivation 
are found, furthermore, in certain types of so-called hypernephromas. 
According to Ewing, certain hypernephroid tumors of the kidneys, 
which really develop from suprarenal rests, may be composed of lipoid- 
containing foam cells. Metastatic growths from these tumors wrongly, 
but not uncommonly, impress the clinician as primary lesions. If such 
a metastasis occurs in an organ in which other xanthomatous changes 
are within the scope of the possible, the correct interpretation of a 
biops)'^ specimen becomes of utmost importance. 

Xanthoma Cells Occurring in the Vicinity of Inflammatory and 
Neoplastic Processes. — Not infrequently typical lipoid-containing foam 
cells are found in the walls of salpingitic abscesses (Pick), in the granu- 
lomas of leprosy and actinomycosis, in scars, in keloids, etc. Their for- 
mation is usually explained as a storage of lipoids in certain groups of 
connective tissue and blood cells (histiocytes) after cell deterioration 
has led to a local accumulation of these substances. 

Dubs saw xanthoma cells developing from connective tissue cells 
in two cases of adenocarcinoma of the uterine bod3^ There was neither 
tissue necrosis nor hypercholesteremia to explain the passive infiltrative 
lipoid accumulation in the cells. 
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Xanthoma Cells in the Mammary G/a»c?.— Xanthoma cells have been 
found in this organ with comparative frequency and in connection with 
various pathologic changes. Lobeck, in one hundred and sixteen 
amputated breasts, found areas of xanthomatosis nineteen times. The 
underlying pathologic changes included acute mastitis, benign tumors, 
malignant tumors and cystic disease. Careful microscopic and histo- 
chemical examination showed that foam cells may be formed either by 
connective tissue cells and adventitial cells of the blood vessels or by 
glandular epithelium and carcinoma cells. According to Lobeck, xanthom- 
atous changes in the stroma are always indicative of a coexisting 
hypercholesteremia, while epithelial or cancerous formation of foam 
cells may occur without such metabolic abnormality. Hagensen classified 
the various findings of xanthoma cells in diseased breasts in three 
groups; (1) Primary xanthoma. Here he reported two observations of 
his own. The tumors were radiosensitive, amputation of the breast being 
carried out after marked clinical improvement. A third case was that 
of Cheatle, which Hagensen mentioned without giving details. A fourth 
case was that of a xanthomatous nodule at the site of a previous ampu- 
tation of the breast for carcinoma. At the time of the biopsy, an enlarge- 
ment of the l 3 miph glands in the supraclavicular region was present, and 
radiologic observations in the skeleton made the diagnosis of generalized 
metastases rather certain. (2) Secondary xanthomatous degeneration 
in fibro-adenomas and carcinomas. (3) Xanthoma cells in traumatic 
fat necrosis of the breast. 

Miller described a large and appai'ently benign tumor with numerous 
xanthoma cells in the connective tissue rvhich he classified as cystosar- 
coma phylloides. 

Xanthoma of the Retroperitoneal and Mediastinal Spaces. — Dietrich 
described a huge giant cell sarcoma originating in the vicinity of the 
suprarenal gland and infiltrating this organ and the adjacent kidney. 
Large numbers of lipoid droplets were contained in spindle cells and 
in characteristic xanthoma cells. Malignancy was suggested by seem- 
ingly metastatic tumors of identical histologic structure in the orbits 
producing exophthalmos, at the base of the skull, in the peritoneum 
and in the myocardium. There is no reference to the blood cholesterol. 
Chiari properly suggested that this case might have been one of general 
xanthomatosis belonging in the category of the Hand-Schiiller-Christian 
syndrome. A similar case reported by Nothen was that of a tumor of 
the same localization and histologic appearance. The smaller tumors in 
the lungs, -peritoneum and lymph nodes had a distribution somewhat 
more in line with a metastatic spread than those in Dietrich’s case. 
Wessen removed an extraretropleural tumor growing with a broad 
pedicle from an intercostal space, which had a histologic structure of 
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the t}-pe seen in xanthomatous giant cell sarcoma. Heuer removed a 
xanthomatous tumor, well encapsulated and somewhat larger than a 
golf ball, from the posterior mediastinum. The point of origin from the 
thoracic wall could not be determined. 

We pause here to summarize this complex, if not confusing, mass 
of pathologic data as follows : 

1. In many cases, solitary* xanthoma appears to be a special form 
of giant cell tumor. 

2. Xanthoma cells may be found in neoplasms of epithelial and 
mesodermal genesis and in inflammatory cell infiltrations and prolifera- 
tions. 

3. The various clinical forms of multiple and generalized xanthoma 
are interrelated. The histologic pictures show little if any variation, and 
the occurrence of intermediary cases proves that the factor of localiza- 
tion in certain organs and systems cannot serve as a criterion for a 
scientific classification. 

4. The surr'ey of the pathologic anatomy does not lend support to 
the contention that multiple or generalized xanthoma can be etiologically 
explained as a phenomenon of reticulo-endothelial storage in the sense 
of a phagocjlic accumulation of unphysiologic substances withdrawn 
from the blood stream. Two findings are not compatible with this 
theory': (a) the xanthomatosis of the tendons and tendon sheaths; {b) 
the extreme variability of the localization of xanthomatous changes. 
The phagocrtosis of the reticulo-endothelial system is a physiologic 
function of normal cells. As shown by the experiments with vital stain- 
ing, these cells respond to the introduction of foreign substances into the 
circulation in a ty'pical and predictable way. If xanthomatous cell 
proliferations developed in a similar way, the great variation in the locali- 
zation of xanthoma which accounts for so much of the complexity of 
the clinical aspects of this disease would remain unexplained. 

II. PATHOLOGIC PHYSIOLOGY 

A humoral basis on which to rest the cellular changes found in 
xanthoma suggested itself to the first clinical observers of this disease. 
-Vddison and Gull, Fagge, and Py'e-Smith remarked on the frequent 
association of xanthomatosis with jaundice. Gilbert and Lereboullet 
(quoted by Bross) committed themselves to the theory that cholemia 
produces xanthoma. To Quinquaud belongs the credit of having dis- 
covered the first essential facts of the blood chemistry in xanthomatosis. 
He found the fat content of the blood serum considerably increased in 
three patients and. according to Chambard, who collaborated with him 
in this investigation, recognized also an increase of the blood cholesterol. 
On the basis of these findings, Quinquaud explained the development 
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of xanthomas as inflammator)^ tissue reactions provoked by depositions 
of excess fatty substances in the circulation, the inflammatory tissue 
proliferation being modified by a reduced oxygen-combining power of 
the lipemic blood. 

For a time disregarded by investigators like Torok, Hallopeau and 
Hardaway, the significance of Quinquaud’s studies was reestablished 
Avhen Pinkus and Pick and Chauflfard, Laroche and Grigaut pointed out 
the occurrence of excessive amounts of cholesterol compounds in foam 
cells and in the blood serum of patients with xanthoma. The etiologic 
relation between cholesteremia and xanthomatosis had now become the 
main issue of investigation. Unfortunately for a further advance in 
the search for a well established etiolog}^, the blood chemistry in indi- 
vidual cases does not uniformly fit into any axiomatic scheme of 
a hypercholesteremia-xanthomatosis relationship. It is only fair 
to eliminate the cases of solitary xanthoma as proof for or 
against such a relationship, because not a few investigators regard 
these solitary neoplasms as essential tumors undergoing localized 
xanthomatous degeneration. Indeed, in the majority of instances of 
solitary xanthoma the cholesterol content of the blood seems to have 
been found within physiologic limits, although Weil reported high blood 
cholesterol also for these cases. 

The difficulty in the way of establishing the hypercholesteremia 
theory arises from the inconsistency of the blood cholesterol 
findings in cases of generalized xanthoma. On the affirmative 
side may be listed the xanthomatoses complicating diabetes, icterus and, 
rarely, lipoid nephrosis. In these cases, without exception, high figures 
for blood cholesterol have been regularly reported. Furthermore, as a 
therapeutic test of this theory, involution of the xanthomas can unvar}’- 
ingly be observed if successful antidiabetic treatment abolishes the con- 
comitant lipemia and hypercholesteremia (Engman and Weiss; Major). 
Gaal could parallel these therapeutic results in a patient Avith multiple 
subcutaneous, tendinous and para-articular xanthomas and an “essen- 
tial” hypercholesteremia by eliminating lipoids from the diet for a 
long time. 

In the so-called essential xanthomatosis of the skin (xanthoma 
multiplex) , a condition clinically quite similar to the icteric and diabetic 
xanthomatosis, reports of high blood cholesterol ( for instance, by Mook 
and Weiss and Schmidt) are offset by an increasing number of reports 
of normal and subnormal levels of cholesterol (Rosenbloom ; Rosenthal 
and Braunisch; Arzt; Siemens; Herrmann and Nathan; Greenbaum; 
Weidinan; Baar; Wile, Eclcstein and Curtis). In the Hand-Schfiller- 
Christian syndrome an absence of increase in cholesterol has been 
observed in some cases (Rowland; Chester), although high A^alues are 
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usually found during the more active stages of the disease. In Gaucher's 
disease no known changes occur in the cliemistr}- of the blood. In 
Xiemann-Pick's disease the blood cholesterol is often found increased, 
although the lipoid infiltration of the ceils supposedly consists of phos- 
phatid lipoids and not of cholesterol. 

The frequency v.-ith which excessive concentrations of cholesterol in 
the blood are associated v/ith ;<anthomatous deposits might serve as a 
crucial test of the hypercholesteremia theory. Such a comparison reveals 
a marked discrepancy bettveen the trequenc}' of hypercholesteremia and 
the development of xanthoma. Despite the fact that blood cholesterol 
reaches probably its highest concentrations in cases of obstraaive jaun- 
dice A\'elis; Leupoid) xanthoma develops only in very few patients so 
affiicted. Diabetic patients vrith lipemia and hypercholesteremia, after 
all. do not show a high incidence of xanthoma. Excessive increases in 
cholesterol appear physiologically during the later months of pregnanc_\'. 
Chauffard. Laroche and Grigaut found hypercholesteremia in 58 per 
cent of cases during the first seven months and in 94 per cent during 
the eighth and ninth month. This increase amounted in the average to 
68 per cent, and occasionally surpassed 100 per cent : yet xanthoma is not 
common during pregnancy. 

W'estphal. who attributed to cholesterol an important role in the 
pathogenesis of essential arterial hypenension. stated that he found 
hypercholesteremia in more than seventy of one hundred patients, with- 
out making any reference to the existence of xanthoma. According to 
Joel, persons with a persistent and constitutional hypercholesteremia 
may remain free from symptoms and demonstrable pathologic mani- 
festations for an indefinite length of time. 

As a result of all this, many authors have either denied tire etiologic 
importance of h^'percholesteremia or qualified the theory- with subtle 
physicochemical details. W'hile it might be considered rather futile to 
dwell on the divergence of mere opinions, a brief resume of these specu- 
lations may help to outline the field of further investigation. 

Chvostek formulated his opinion as follows; "The essential factor 
• or the infiltration oi cells with lipoids is not a cholesteremia but a 
deconstitution' oi the cells. A cholesteremia. if present, will only facili- 
tate this process. The ‘"deconstitution" of the cells he believed to be 
produced by sympathetic or hormonal stimuli. Rosenthal and Braunisch 
voiced the similar opinion that unknown changes in the chemism of the 
cells create an affinitv- for cholesterol, which is deposited intracellularly 
as ester compounds. .Abrikossolt and Herzenberg. subscribing to the 
same theorv'. explained the frequent occurrence of ht-percholesteremia 
m cases of xanthomatosis by a concomitant damage of the liver, which 
fails to eliminate cholesterol at the proper rate. Wile. Eckstein and 
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Curtis, on the basis of painstaking chemical analysis of blood and tissues, 
denied that cholesterol either in the blood or in the xanthomatous 
deposits plays the sole etiologic role and contended that a disturbance 
of the cellular fat metabolism more complicated and of unknown nature 
is at play. 

While these interpretations emphasize deviations from the normal 
functions of cells as primary factors in the pathogenesis of xanthoma, 
other opinions still maintain that the morphologic changes are represen- 
tative of the phenomena of storage, the foam and other cell prolifera- 
tions being only automatic sequels of the unphysiologic concentration of 
cholesterol in the blood stream. 

It can hardly be contended that the negative findings in regard to 
cholesterol rest on a failure to recognize that the concentration of cho- 
lesterol in the blood may vary during the course of the disease. Rosen- 
bloom and Rosenthal and Braunisch made analyses of the blood during 
the acutely progressi^^e stage in cases of cutaneous xanthomatosis, i. e., 
at a time when additional tumors were erupting, and th'e}'- found normal 
and subnormal values for cholesterol even at this time, when one might 
reasonably expect changes in the blood to be most marked. 

In order to account for the negative results of analysis of the blood 
in so many cases, and for the irregularity with which xanthoma develops 
in the presence of hypercholesteremia, a number of auxiliary hypotheses 
have been introduced. Herrmann and Nathan, following a suggestion 
of Handowsky, attempted to differentiate between serum cholesterol 
which can be directly extracted with ether and cholesterol that will go 
into solution only after protective serum colloids have been destroyed 
with potassium hydroxide. Assuming that an increase of the unpro- 
tected fraction without an increase of the total amount of cholesterol 
might explain the phagocytic storage in foam cells, they examined the 
serum of a patient with cutaneous xanthomatosis and normal total 
cholesterol in the blood. The results of this examination, however, did 
not lend support to the idea regarding extractable and nonextractable 
cholesterol. 

Schaaf and Werner also expressed the belief that the merely quanti- 
tative increase of total lipoids is of minor importance in comparison with 
the altered quantitative relation of the various lipoid fractions to one 
another. Therefore they examined not only for cholesterol, but also 
for cholesterol esters, phosphatids, lecithin and neural fats. They found 
an increase of total cholesterol in only one of eight patients, but abnormal 
proportionality between the different lipoid and fat constituents of the 
serum in all of them. This the}'- believe furnishes an explanation of the 
development of xanthoma in all those cases in which the quantitative 
determination of cholesterol and cholesterol esters alone gives no evi- 
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dence of a disturbed lipoid metabolism. The changed quantitative rela- 
tions between the different fractions of the serum lipoid supposedly lead 
to diminished emulsification, because they influence one another in their 
physicochemical behavior. The changed magnitude of dispersion units 
provokes phagocytic reactions of certain tissue cells. 

Weidman suggested that the present chemical methods of analyzing 
blood and tissue probably do not succeed in discovering the chemical basis 
of xanthomatosis. The lipoid substances that one finds at present in blood 
and tissue may only accompany the chemical agent. Weidman referred 
to the evolution of the knowledge of ergosterol and vitamin D, which 
could be isolated only in minute quantities from cholesterol and other 
lipoids with which they always appear together. However hypothetical 
this comparison may be, it is true that both the histochemical findings in 
xanthoma and the blood chemistry in hypercholesteremia are more com- 
plex than the emphasis on cholesterol suggests. In the tissues, lipo- 
chrome and hemosiderin pigments can be found in most of the instances ; 
sometimes the foam cells store lipoid substances other than cholesterol 
esters, as in Niemann-Pick’s disease and Gaucher’s disease. Neutral 
fat has been found by Fahr and Chvostek. The blood changes, on the 
other hand, involve the other lipoid fractions, too, because in every case 
of hypercholesteremia an increase of the neutral fat in the blood serum 
and often of other lipoids can be found. From all these facts Weidman’s 
suggestion gains support that from the complex mixture of so-called 
lipoid substances participating in the pathologic changes only few frac- 
tions are known and many more may still remain to be discovered. 

While the research into the nature of xanthomatosis still falls short 
of furnishing enough accurate data on which to evaluate properly the 
role of hypercholesteremia, Schonheimer has recently tried to determine 
how the accumulation of cholesterol in the blood plasma is brought 
about. He based his examinations on the following considerations : Cho- 
lesterol in the organism is either absorbed from animal food or synthe- 
sized from metabolic products. After being excreted through bile and 
the intestinal mucosa, it is reabsorbed, unless it has been transformed 
into dihydrocholesterol, which is nonabsorbable. Lipoids in vegetable 
food are nonabsorbable. Under both a mixed and a vegetable dietary 
regimen the organism excretes cholesterol and dihydrocholesterol into 
the intestinal tract, cholesterol being reabsorbed to a great extent while 
dihydrocholesterol is finally excreted in greater quantities. Schdn- 
heimer s patient suffered from a lipemia of 2,100 mg. and a hyper- 
cholesteremia of 825 mg. per hundred cubic centimeters. Multiple 
xanthomatous tumors were present in tendons and tendon sheaths, and 
the scar of an old laparotomy had undergone xanthomatous changes. 
When the patient was put on a vegetable diet with exclusion of absorb- 
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able lipoids, the blood cholesterol dropped to 300 mg. per hundred cubic 
centimeters, but there was no influence on the xanthomatosis. The fece.s 
shou-ed a lack of cholesterol and cholesterol derivatives on botli a 
mixed and a vegetarian diet, while dihydrocholesterol could be found 
up to the unusually high concentration of 10 per cent of the total lipoids 
in the blood plasma. Schdnheimer came to the conclusion that his patient 
was able to absorb cholesterol from the food, but unable to excrete it. 
The accumulation of dihydrocholesterol in the blood was an additional 
proof of deficient excretory function. 

Recourse has been had repeatedly to animal experimentation in order 
to reproduce xanthoma formation by overloading the circulation with 
lipoids. The basis for this experimental work was furnished by the 
experience accumulated during the investigation of artificially produced 
hypertension and atherosclerosis. In the pursuit of those studies it was 
discovered that herbivorous animals, the rabbit in particular, acquire this 
condition after feeding on various animal food substances in which 
cholesterol could be found as the pathogenic agent ; feeding with pure 
cholesterol (Verse) yielded identical results, and hypercholesteremia 
invariably preceded the h}'pertension. The anatomic changes found in 
the hypercholesteremic rabbits were not confined to the arteries, but 
involved many parench^unatous organs and aggregates of reticulo-endo- 
thelial cells, which sometimes assumed the shape of typical foam cells 
infiltrated with cholesterol esters. The general well-being of the animals 
was greatly impaired, so that Schonheimer spoke of an “experimental 
cholesterol disease of the rabbit.” 

Anitschkow reproduced xanthoma cells in the e.xperiment by creating sterile 
abscesses in the subcutaneous tissue of hypercholesteremic rabbits. In the granula- 
tion tissue limiting these abscesses tj'pical foam cells with doublj' refractive lipoids 
were found. 

Weidman was unable to confirm Anitschkow’s results. He, furthermore, 
experimented on hypercholesteremic and on xanthomatous patients by inflicting 
operative injuries and appl}n‘ng chemical irritation. None of his patients showed 
xanthomatous scars. 

Wustmann injected silicious earth close to the bones of hr-percholesteremic 
rabbits. The granulomas contained cholesterol deposits, but not cells comparable 
with xanthoma cells. 

Hoessli experimented with hypercholesteremic rabbits. The tendo achillis was 
concussed for eight minutes daily for from four to six \veeks. The tendon showed 
infiltration with cholesterol but no proliferation of foam cells. By no means did the 
histologic structure resemble the xanthomatous tumors of the tendons of a patient 
of his who had hj-percholesteremia. Lebedew e.xperimented by inserting sterile 
foreign bodies like cork and sutures saturated with 10 per cent potassium hydroxide 
into the subcutis of hypercholesteremic rabbits. The first results were negative, 
but after prolonging the irritation and examining the tissues at a later time, when 
the inflammation had become more chronic, he could observe typical foam cds 
containing lipoid droplets. Experiments on normal rabbits were earned out by 
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making local deposits of cholesterol dissolved in sunflower oil. Here again his- 
tologic structures resembling xanthofibromas could be discovered from two and 
a half to three months after the injection of cholesterol. 

Basten used an emulsified gallstone for local deposits in the ears and subcutis 
of a normal rabbit. He found large pale cells containing cholesterol esters as early 
as seven days after injection. These cells were derived from connective tissue 
cells and contained cholesterol ester. 

As interesting as these experimental results may be, they are not 
uniform nor are they obtained under conditions that parallel human 
disorders sufficiently to make them applicable to the problem of xan- 
thoma. In this connection it might be necessary again to emphasize 
certain differences in the lipoid metabolism of the rabbit and the human 
being which have been brought out by the extensive experimental work 
with cholesterol feeding. Man and omnivorous animals react to an 
alimentary excess of fat with a transitorj’^ and visible lipemia ; i. e., the 
blood plasma becomes milky because of the accumulation of fat droplets. 
On repetition of the heavy doses of fatty substances the organism gains 
corrective faculties and soon no visible or concealed lipemia of greater 
extent occurs. The opposite behavior is observed in herbivorous ani- 
mals. Here a single fat feeding does not produce lipemia, but a 
prolonged feeding with fats in combination with cholesterol eventually 
produces a lipemic condition, which at first can be detected only by 
chemical determination, but later on is disclosed by a clouding of the 
blood plasma. Feeding cholesterol alone or feeding neutral fats alone 
is not conducive to a visible lipemia. But every increase of cholesterol 
in the blood is associated with an increase of neutral fats regardless of 
the source of the hypercholesteremia. Likewise, any lipemia caused by 
pathologic metabolism or Ijy overfeeding with neutral fats is accompanied 
b)’^ a rise of blood cholesterol. These findings point to a complexity of the 
metabolism of lipoid substances and create considerable doubt as to 
whether cholesterol has an independent metabolism. They suggest fur- 
ther that lipoids may circulate emulsified in varying degree, sometimes 
coarse enough to become visible in the blood plasma, sometimes in very 
fine droplets not interfering with its transparency. These facts have 
also been exploited for the theory of the etiolog)'- of xanthoma. 

Experimental work has furthermore been carried out with regard 
to the histogenesis of foam cells. Biedermann and Hofer studied, in 
tissue culture, a specimen of bone marrow from a patient with Hand- 
Christian-Schuller’s disease whose blood showed 238 mg. of cholesterol 
per hundred cubic centimeters. The appearance of the growing cells 
siJg&ested their origin from the reticulo-endothelium. They developed 
into typical foam cells. This tissue culture was prepared with the b)'per- 
cholesteremic serum of the patient. Fibroblasts from chickens grown in 
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the same medium failed to develop into foam cells. This indicates that 
the chemical medium is not so important a factor as are the essential 
metabolic characteristics of the cells themselves. 

Summarizing the foregoing histocheinical discussion, we may con- 
clude that: 

1. Unphysiologic concentrations of cholesterol or cholesterol esters in 
the blood occurring either primarily or secondarily to other known 
humoral disorders are sometimes associated (but not necessarily so) 
with xanthomatous foam cell tumors or granulomas. 

2. Xanthomatous tissue changes may occur without increase of cho- 
lesterol in the blood. 

3. Several attempts have been made by various authors to defend 
the theory of the etiologic relation between blood cholesterol and xan- 
thoma in spite of the fact that hypercholesteremia is not apparent in a 
considerable number of typical cases. Other investigators deny such an 
etiologic relationship. 

4. In diabetic xanthomatosis an involution of the xanthomatous lesions 
can be regularly brought about b}'’ antidiabetic treatment that occasions 
a lowering of the lipocholesteremia. In other forms of xanthomatosis, 
however, although the accompanying lipocholesteremia may sometimes 
be favorably influenced by a prolonged dietary regimen, an improvement 
of the pathologic tissue changes may not necessarily follow. 

5. The etiolog}'' of various forms or types of xanthomatosis is still 
to be determined. 
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Experimental Pathology and Pathologic Physiology 

Inactivation of Insulin by Normal and Diabetic Blood. Peter T Black 
Brit. J. Exper. Path. 14:318, 1933. 

Insulin incubated with serum or witli laked cells or with cytolysed leukocytes 
loses some part of its power to lower the blood sugar and produces convulsions 
in fasting rabbits when the mixture is injected subcutaneously. Insulin incubated 
with laked cells loses some part of its power to lower the blood sugar when 
injected intravenously into rabbits. This is probably due to destruction of the 
insulin by an enzyme other than trypsin. The inactivating substance does not 
readily pass from the cells to the plasma. Insulin incubated with heparinized 
whole blood retains its power to lower the blood sugar when injected intravenously 
into rabbits. This is also true of insulin incubated with intact red cells or leuko- 
cytes. Blood from diabetic patients, even from those displaying resistance to 
insulin, had no more than normal power to destroy insulin in any of these experi- 
ments. This investigation, therefore, does not support the view that the symptoms 
of diabetes are due to destruction of insulin in the circulation. 

Author’s Summary. 

Biologic Test for Hodgkin’s Disease. C. E. Van Rooyen, Brit. M. J. 

1 ; 644 , 1933 . 

Gordon found that the intracerebral inoculation of rabbits and guinea-pigs with 
suspensions of lymph glands from persons with Hodgkin’s disease was followed 
in a few days by spastic paralysis of the hindlimbs, rigidity, ataxia and muscular 
weakness. Of five cases of Hodgkin’s disease in which this test was made, there 
were three in which a positive reaction was observed; the reaction in one was 
doubtful and in one, negative. The reaction cannot be elicited by the use of normal, 
lymphosarcomatous, leukemic or tuberculous lymphatic tissue. Neither can it be 
brought about by the intracerebral inoculation of dead bacteria, streptococcus toxin, 
sterile milk, peptone water, sodium nucleate or finely powdered glass. 

Jacob Klein. 


Some Effects of Artificial Pneumothorax on the Circulation. R. 

Hilton, J. Path. & Bact. 37:1, 1933. 

It is suggested that the cause of the first increase in minute volume observed 
after the induction of pneumothorax is due to the increased inspirator^' efforts and 
probably to anoxemia. The subsequent fall in minute volume may be explained by a 
diminished mechanical efficiency of the breathing when the pleural cavity is full 
of air, with a consequent interference with the return of venous blood to the heart. 

Author’s Summary. 


Effect of Experimental Portal Congestion on the Absorption and 
Excretion of Water. J. McMichael and F. H. Smirk, J. Path. & Bact. 
37:81, 1933. 

Rats jn which the portal vein has been obstructed show, on the day after opera- 
tion, a diminished rate of absorption of water from the alimentary tract and a 
delayed diuresis. Venous anastomoses open up in the course of the week follow- 
ing operation, and the delayed absorption rate improves but does not return to 
normal. The diuresis curve may at this time have returned to normal despite the 
moderate delay in the absorption of water Authors’ Su.m.mary. 
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The Functions of Brunner’s Gi-ands and the Pvloric End of the 

Stomach. H. W. Florey and H. E, Harding, J. Path. & Bact. 37:431, 

1933. 

A description is given o£ a method of collecting a considerable amount of the 
secretion of Brunner’s glands in the rabbit. This secretion is very alkaline — 
pn 8, rapidly rising to pn 9 on exposure to air — and is at least equivalent to tenth- 
normal sodium bicarbonate, and in most cases more. The alkalinity is due to its 
content of bicarbonates. The fluid is of the consistency of the white of egg and 
clear or slightly opalescent. Brunner’s glands of the rabbit, cat, guinea-pig and 
rat arc activated by passing hydrochloric acid over them. Those of the rabbit 
respond to stimulation with oil of mustard. The relationship of this activity to 
the extrinsic innervation is discussed. The significance of this alkaline secretion 
for the protection of the gastric and duodenal mucosae is indicated, and a possible 
relationship between a failure of secretion and the production of peptic ulcer is 
suggested. Authors’ Summary. 

Influence of Colloidal Iron and Altitude on Experimental Anemia. 

Walter Heimann, Beitr. z. Klin, d. Tuberk. 82:418, 1933. 

Anemia was induced in rabbits by the injection of acetylphenylhydrazinc. The 
rate of spontaneous recovery was then compared with that following intravenous 
administration of active colloidal iron oxide. No significant acceleration of regen- 
eration was observed. The experiment was repeated at an altitude of 3,000 meters 
and also in a low pressure chamber. In both, spontaneous recovery occurred at 
twice the rate of that in the lowlands. Again, colloidal iron oxide administered 
intravenously did not accelerate the process. In fact, in large doses it definitely 
hindered regeneration. :Ma„gulis. 

Tissue Culture Studies on Blood Vessels and Serous Membranes. 

Werner Schopper, Beitr. z. path. Anat. u. z. allg. Path. 88:451, 1932. 

Tissue was obtained from guinea-pigs, and the cover glass method of Maximow 
was followed. As a medium, plasma of guinea-pigs with heparin and embryonal 
extract was used. Normal omentum, omentum after the injection of infusorial 
earth, vena cava and aorta were studied. Small blood vessels were obtained from 
the leptomeninges. The tissue cultures were observed during from ten to twelve 
subcultures. 

The growth of the serous cells lining the surface of the omentum in the early 
cultures is epithelial-like. They form membranes consisting of large, flat, surface 
cells. In later stages, they more and more resemble fibroblasts. In tissue defects, 
the serous cells do not regenerate from the fibroblasts of the omentum. The 
undifferentiated mesenchymal cells which are distributed diffusely in the omentum 
and the adventitial cells surrounding capillaries form macrophages which are able 
to engulf neutral red. Under certain conditions, the macrophages may develop into 
fibroblasts. 

Small lymphocytes emigrating from the sheaths of the blood vessels degenerate 
after a few days. Buds of endothelial cells grow out of capillaries into the tissue 
and into the surrounding culture medium. These buds are mostly solid and consist 
of slender endothelial cells. In later cultures single endothelial cells are found, 
resembling fibroblasts. The muscle tissue of the larger blood vessels in the omentum 
does not proliferate, but may be seen well preserved for thirty-five days. 

If infusorial earth is added to the tissue culture in too large amounts, cell 
proliferation will be stopped. Also, small doses will lessen the epithelial -like growth 
of the serous cells. The emigration of macrophages is, however, increased. 
Foreign body giant cells form by fusion of macrophages. T 3 'pical foreign body 
tubercles surround deposits of infusorial earth. The omentum obtained from 
animals after intraperitoneal injection of infusorial earth shows a much more active 
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cell proliferation than in normal tissue. There are many foreign body giant cells 
wandering cells, lymphocytes and serous cells present. The serous cells grow 
either as an epithelial-like membrane or as fibroblasts. 

In cultures of aorta and vena cava, the adventitial cells grow first in a circular 
arrangement; later they grow into the medium like typical fibroblasts and develop 
fine fibrils. The latter originate only from cells. The endothelial cells grow into 
the lumen and may cause obliteration of the lumen b}^ producing fibrils. 

The cerebral arteries were dissected carefully from the surrounding tissue prior 

to culture. The endothelial cells are very active, producing solid and tubular buds 

which may form a network. Small artificial defects in the wall of the vessel are 

filled out by proliferating endothelial cells. If a blood vessel is cut in two, the 

stumps will unite, if these are lying close together. If the stumps are far apart, 

union is made impossible because adventitial cells will grow into the defect before 

endothelial cells show proliferation. n . tt 

^ C. Ale.\.-\xder Hellwig. 


The Problesi of Jaundice Caused by Tolylenedia.mine. PI. H. Greene and W. 

ScHAAL, Beitr. z. path. Anat. u. z. allg. Path. 89: 61, 1932. 

In dogs, injection of tolylenediamine caused hemolysis and also degeneration of 
the intrahepatic bile ducts. The degree of hemolysis is less after removal of the 
spleen. The jaundice occurring after the injection of tolylenediamine apparently 
has three explanations: 1. It may be due to the degeneration of the epithelial 
cells of the intrahepatic bile ducts. The bile excreted by the liver cells thus 
passes into the hepatic lymph spaces and from there directly or by way of the 
thoracic duct into the blood stream. 2. Hemolysis may play a causative role in the 
jaundice, as evidenced by the marked swelling of the Kupffer cells and their 
phagocytosis of the debris of erythrocytes. 3. The formation of bile thrombi in 
the bile capillaries of the liver may cause true obstructive jaundice. 

C. .-kl-EXANDER HeLLWIG. 

Influence of Salt Solutions on the Renal Tissue. H. Niewiesch, Beitr. 

z. path. Anat. u. z. allg. Path. 89:76, 1932. 

Different salt solutions, in various concentrations, were injected into the left 
renal arterj"- of rabbits and the histologic changes in the left kidney were compared 
with the normal structure of the other kidney. Calcium chloride, sodium chloride 
and sodium phosphate (monobasic) produced coagulation necrosis of the epithelial 
lining of the convoluted tubules. By using higher concentrations of these sub- 
stances, degeneration of the straight tubules was noticed, whereas the glomeruli 
were most resistant. A marked leukocytic infiltration was observed in the inter- 
stitial tissue surrounding the degenerated tubules. These inflammator}’’ changes 
are, in the opinion of the author, directly due to irritation by the chemical sub- 
stances and precede the necrosis of the tubules. <\lexander Hellwig. 


Experimental Streptococcic Arthritis in Rabbits. G. Wehrsig and A. J. 

Weil, Beitr. z. path. Anat. u. z. allg. Path. 89:311, 1932. 

Rabbits were given intravenous or intraperitoneal injections of various strains 
of streptococci. Single and repeated injections, with and without previous sensitiza- 
tion by vaccine, were made, and the resulting lesions in the joints were studied 
microscopicall 3 L The arthritis produced in rabbits by the injection of streptococci 
did not show the microscopic picture of infectious rheumatism, but resembled septic 
arthritis as found in man after general infection with pyogenic organisms. The 
lesions of the joints originated either from the capsule or from the bone marrow 
beneath the cartilaginous surface of the joint. .Ai.exander Heli.wig. 
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Glycogenosis. P. Kimjielstiel, Beitr. z. path. Anat. u. z. allg. Path. 91:1, 
1933. 

The condition which the author portrays was first described under the name 
glycogenic hepatonephromegaly by von Gierke in 1929 (Bcifr. s. path. Anat. n. z. 
allg. Path. 82:497, 1929; abstr., Arch. Path. 10:125, 1930); two additional cases 
were reported by Putschar (Beitr. a. path. Anat. u. z. allg. Path. 90:222, 1932; 
abstr.. Arch. Path. 17:4, 1934). The author’s case is the fourth recorded example 
of this condition, for which he prefers the name “glycogenosis.” A child died of 
acute pharyngitis and bronchopneumonia; the age at death is not stated in the 
brief clinical summary. Enlargement of the abdomen was noticed by the mother 
when the child was between 3 and 4 weeks old. At necropsy, the liver extended 
below the level of the umbilicus and weighed 1,600 Gm. Each kidney weighed 
45 Gm., and, as was true in Putschar’s cases, was much less enlarged than in 
von Gierke’s case. The liver, cardiac muscle, voluntary muscle and brain con- 
tained large quantities of glycogen; the kidneys^ contained a smaller amount, 
situated chiefly in the epithelium of the straight tubules. The glycogen did not 
disappear as rapidly from the liver after death as is usually the case. Although 
the glycogen of the liver yielded as large a proportion of dextrose on acid hydrol- 
ysis as did pure glycogen or the glycogen of normal dog’s liver, it yielded a 
definitely smaller proportion when subjected to diastatic fermentation. ' The 
pancreatic islets were histologically normal with the exception of a few that were 
somewhat enlarged. The two previous observers sought the explanation of the 
condition in decreased glycogenolytic activity of the liver. In view of the unequal 
distribution of the glycogen, especially in a single organ like the brain, Kimmelstiel 
does not accept this suggestion. He postulates a disturbance of carbohydrate 
metabolism that leads to the formation of a heterotypical form of dextrose, which 
is polymerized into a form of glycogen that is not readily split by the normal 
diastatic enzyme. 0. T. Schultz. 


Pathologic Anatomy 

Splenomegaly and Splanchnomegaly. M. Muiilmann, Beitr. z. path. Anat. 
u. z. allg. Path. 90:180, 1932. 

The author reports a case in which marked enlargement of the spleen was 
associated with increase in the size of the liver, kidneys, testes and lungs, without 
evidences of acromegaly. The enlargement of the organs was due to hypertrophy 
of the parenchymatous elements, to an increase in the amount of collagenous, elastic 
and reticular fibrillated tissues, and to an increase in the size of the cells of the 
reticulo-endothelial system. The lymphatic elements were atrophic. The globus 
pallidus of the left lenticulate nucleus was about one-third larger than that of the 
right. Microscopical^^ it revealed an increased number of glia cells, as compared 
with the right globus, and a paucity of ganglion cells, which were numerous and 
large on the right side. Miihlmann then presents epitomes of four additional cases 
of what he holds to be the same condition, although insufficient attention was paid 
to the brain. Finally, he gives brief summaries of sixteen cases collected during 
his earlier work in Baku, which cases he had at that time looked on as Banti’s 
disease. Splanchnomegaly, of which splenomegaly is only a part, is a constitutional 
systemic disease in which the hypertrophy of the organ is due to abnormal func- 
tioning of the central vegetative nervous system. This conception is supported by 
Muhlraann's previously propounded theory that the hyperplasia of tumor formation 
is the result of the activity of the central vegetative nervous system, for which 
theory, it may be parenthetically remarked, there does not seem to be anv strong 
basis of support. q Schultz. 

Congenital Glycogenic Hypertrophy of the Heart. W. Putschar, Beitr. 
.z. path. Anat. u. z. allg. Path. 90:222, 1932. 

A child died at the age of 4 months of bilateral bronchopneumonia. At the age 
of 12 days, generalized edema was noted, but no abnormality of the heart was 
detected. At 13 weeks of age, it was noted that the liver was enlarged, and on 
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admission to the hospital marked enlargement of the heart was detected. At 
necropsy, the heart was found greatly enlarged, weighing 110 Gm. The wall of the 
left ventricle varied from 7 to 21 mm. in thickness, that of tlie right ventricle 
from 6 to 12 mm. The liver was moderately enlarged and weighed 240 Gm. Each 
kidney weighed 25 Gm. The increase in the size of the heart was due to marked 
infiltration of the muscle fibers by glycogen. The liver cells and the epithelium of 
the convoluted tubules of the kidney were vacuolated by glycogen. The case is 
held to belong to a group of which von Gierke described two e.xamples in 1929 as 
congenital glycogenic hepatonephromegaly. Von Gierke considered the condition 
one of abnormal glycogen metabolism, which he likened to the diseases char- 
acterized by lipoid infiltration, nameh^ Gaucher’s disease, Niemann-Pick’s disease 
and Hand’s (Schuller-Christian’s) disease. In Putschar’s report there is no note 
of histologic examination of the pancreas. In a brief note he mentions the case of 
a 3 year old child in whom abnormal carbohydrate metabolism was detected during 
life by chemical studies. Biopsy revealed that the enlargement of the liver detected 
clinically was due to gWcogen infiltration. q ^ Schultz 


Ossification of the Sacral Intervertebral Disks. A. S. Jacobson and 
H. Driver, Beitr. z. path. Anat. u. z. allg. Path. 90:233, 1932. 

The work here reported comes from Schmorl’s institute, where the vertebral 
column is removed and subjected to stud 3 ' as a routine procedure. It is based 
on the study of 258 sacrums of persons of the second to ninth decades, inclusive. 
The anatomists cited state that ossification of the sacral intervertebral disks begins 
during the eighteenth year of life and usually leads to bony union of the vertebral 
bodies by the twenty-fifth year. The authors found that ossification was already 
evident during the second decade of life, but that even so late as the ninth decade 
the process was not complete. Ossification became progressively more marked in 
a caudal direction. Complete ossification of the first, second and third disks was 
noted in no instance during the second decade and occurred in 10, 46 and S3 per 
cent, respectively, in the ninth decade. Only the three upper (hsks are included 
in the tabula'tions, because the fourth and fifth sacral vertebrae., vere not removed 
in every case. Partial and complete ossification of the first,' second and third 
disks was observed in 4, 15 and 25 per cent, respectively, during the second decade, 
in 65, 89 and 100 per cent during the eighth decade and in 75, 100 and 100 per cent 
during the ninth decade. Ossification is due not to the ingrowth of blood vessels 
into the disks, but to the invasion of the disks by the marrow of the vertebral bodies. 
The disk is then transformed partly or completely into spongy bone. The process 
is looked on as phjdogenetic. q j Schultz. 

The Neuromuscular Apparatus of the Appendi.x i.n Chronic Appendi- 
citis. L. ScHACK, Beitr. z. path. Anat. u. z. allg. Path. 90:392, 1932. 

Schack’s description of changes in the neuromuscular apparatus of the appendi.N 
is preceded by a description of this apparatus in the normal organ. The technical 
methods of Masson were used, and this author’s conception of the normal neuro- 
muscular apparatus is confirmed. The apparatus consists of four parts : the 
external and internal muscular coats with the ple.xus of Auerbach; the musculo- 
nervous complex of the submucosa, which includes Meissner’s plexus ; the 
muscularis mucosae, which has its own' nerve plexus, and the mucosa with the 
periglandular plexus of Masson. Seventy-six of ISO chronic appendixes taken at 
random rei’ealed changes in the neuromuscular apparatus similar to those described 
by Masson in what the latter considered a characteristic type of appendical 
involvement which he termed neurogenous appendicitis. The changes noted were 
hypertrophy or localized hyperplasia of the neuromuscular apparatus. Such 
changes were always associated with other changes that were the result of previous 
active inflammation. Schack therefore contends that Masson’s neurogenous appen- 
dicitis is not a specific t 5 'pe of involvement but is a result of inflammation. 
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Hypertrophy of the neuroniusculnr apparatus is a work hypertrophy, brought 
about by increased resistance to movement of lymph and secretion resulting from 
structural alterations caused by inflammation. The localized hyperplasias are 
minute neuromas that are the result of the inflammatory stimulus. They correspond 
to the small neuromas frequently seen in the chronically inflamed submucosa of the 
gallbladder and stomach. Schack detected axis-cylinders in such neuromas and 
observed degenerative changes of the neurofibrils at the center of the neuromas. 
There was nothing characteristic in the clinical symptomatology that might be 
correlated witli the changes in the neuromuscular apparatus, q g hultz 


The Chromaffin Cells of the Appendix. L. Schack, Beitr. z. path. Anat. 
u. z. allg. Path. 90:441, 1932. 

In a profusely illustrated article, Schack discusses the embryogenesis, the 
emigration, the topography, the morphology, the relationship to muscular and nerve 
tissues, the quantitative distribution in various types of appendicitis, the special 
pathologic process and the oncology of the chromaffin cells of the appendix. In 
the fetal appendix the cells are seen first in the epithelium of the crypts and are 
of epithelial origin. They emigrate early into the neuro-epithelial syncytium, the 
presence of which was first described b}' Masson and is confirmed by Schack, at 
the bottom of the crypts. From here the cells wander more deeply into the mucosa, 
retaining a relationship to the neuromuscular apparatus. In the normal appendix 
they occur in small numbers in the muscularis mucosae, and a few are seen in the 
submucosa. Single cells have the morphology of ganglion or glia cells. They are 
impregnated by silver and stained by chrome salts and by acid fuchsin. The 
cells belong to a group that includes the chromaffin cells of the suprarenal medulla 
and the melanophores of the skin. The chromaffin cells of the appendix are believed 
to have an endocrine function which acts on that portion of the neuromuscular 


apparatus not concerned in the emptying of the appendix. The neurotropic action 
of the cells manifests itself in growth of neurofibrils. The cells are increased in 
number in the pathologic appendix, but only when the changes are such as to 
warrant the conclusion that the appendix has been previously inflamed. These 
changes include the neuromuscular hypertrophy to which Schack has called atten- 
tion in a preceding article {Beitr. path. Amt. u. z. allg. Path. 90:392, 1932). In 
the localized neuromuscular hyperplasia of the obliterated appendix, the 
chromaffin cells are increased in number in the neuromatous areas. In a carcinoid 


of the appendix, which is considered a tumor-like maldevelopment comparable to 
nevus of the skin, the neurotropic action of the chromaffin cells was evident by their 
growth in and along Auerbach’s plexus and bj'- increased neurofibril formation in 

■ O. T. Schultz. 


Relative Frequency of Calcification of the Mitral Ring. G. Martens, 
Beitr. z. path. Anat. -ir. z. allg. Path. 90:497, 1932. 

The relative frequency of deposition of calcium in the mitral ring was studied 
in 1,000 hearts, equally distributed between the two sexes. Calcification was 
detected in 87 (8.7 per cent) of the hearts. It occurred three times as frequently 
m women as in men, and was noted at an earlier age in women, 54 years for 
women as compared with 59 years for men. The condition reached its highest 
frequenej’^ in the age period of from 71 to 74 years. Calcification of the mitral 
ring was associated with hyperostosis of the frontal bone and calcification of the 
intervertebral disks. The three processes are looked on as regressive changes, 
nmich are probably the result of alterations in calcium metabolism that occur with 
advancing vears. ^ „ 

O. T. Schultz. 
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Thrombosis of the Hepatic Vein. L. Berk, Beitr. z. path. Anat u z alK 
Path. 90:509, 1932. ' ' 

The tivo cases briefly reported, both in women aged 41, were identical clinically 
and pathologically. In each there were ascites, edema of the lower extremities and 
a visible collateral venous circulation of the abdomen. At necropsy, there was found 
organizing mural thrombosis of a portion of the inferior cava 2 cm. long at the 
region of the mouth of the hepatic vein. The cava was occluded by fresh thrombus, 
which in one case extended into the iliac and femoral veins. The hepatic vein in 
each instance was occluded by fresh thrombus. The portal i^ein was not throm- 
bosed. Syphilis was excluded in each case. These cases differ from the primary 
endophlebitic thrombosis of the hepatic vein described by Chiari, in that the 
thrombosis of the hepatic vein was secondary to an older, localized thrombotic 
process in the cava. As the cause of the latter process, mild trauma is postulated, 
such as might arise from attacks of coughing. q j- Schultz 


Early Changes and Evidences of Late Resorption in the Lesions of 
Gout. G. Pommer, Beitr. z. path. Anat. u. z. allg. Path. 90:513, 1933. 

Each of the first eight paragraphs, which together make up two of the seven 
pages of Pommer’s article, consists of but a single sentence, a fact that should 
make for easy reading were it not for the further facts that each of these para- 
graphic sentences consists of from twenty-five to sixty-seven words and that 
each sentence contains from three to seven compound German words of from 
fifteen to twenty -five letters each. So much for statistics, which drove the 
abstractor to a rereading of “Sartor Resartus” and to renewed acquaintance with 
Herr Teufelsdroeck. Pommer describes the early reactions and some late resorp- 
tive changes of the gouty lesion, which he believes did not receive adequate 
description in his “Gelenkgichtuntersuchungenmonographie.” In the early lesions 
it is necessary to distinguish between those that arise between the fiber bundles 
of the tendons and those that arise within the bundles. The interfascicular deposi- 
tion of urates leads to a productive inflammatory reaction about the deposit. In 
the hitrafascicular deposition of urates, such inflammatory reaction is absent until 
the lesion reaches such a size that it encroaches on the interfascicular tissue. In 
older lesions that have undergone partial fibrosis or calcification, or even ossifica- 
tion, two forms of resorption are evident. Lacunar resorption, associated with the 
formation of foreign body^ giant cells, occurs at the surface of the deposit. In 
other instances, the mass becomes hollowed out or canalized by"^ central resorption. 

O. T. Schultz. 

Compression of the Cord by a Vertebral Hemangioma. E. Scherer, 
Beitr. z. path. Anat. u. z. allg. Path. 90:521, 1933. 

Small, sometimes multiple, hemangiomas of the vertebral bodies were noted in 
409 (10.7 per cent) of 3,829 vertebral columns examined in the Schmorl institute. 
These lesions produce no clinical effects. More widespread hemangiomatous 
involvement of a vertebral body leading to compression of the cord is relatively 
rare. The author summarizes twelve such cases from the literature and adds one 
of his own. The patient was a woman, aged 59, who began to be troubled with 
pain and weakness of the lower extremities two months before hospitalization for 
operation. On admission, there was complete sensory and motor paralysis below 
the tenth dorsal segment. The roentgenographic diagnosis was hemangioma of the 
seventh thoracic vertebra. Resection of the laminae and spinous processes of 
the sixth, seventh and eighth vertebrae, which had been preceded on the previous 
day by heat coagulation, resulted in slight improvement, but within eight weeks 
paralysis was again as complete as before the operation. Death occurred four 
months after operation. The portions of the seventh vertebra removed at operation 
and the rest of the vertebra removed at necropsy were the seat of a cavernous 
hemangioma that had led to atrophy of some of the spongy osseous trabeculae and 



ABSTRACTS FROM CURRENT LITERATURE 


581 


to the formation of osteoid tissue. The spinal canal was greatly narrowed. The 
dura was not involved. Transformation of capillaries into cavernous spaces was 
evident in the peripheral portions of the hemangioma. Formation of vessels by 
endothelial budding and transformation of the mesenchyme of the marrow into 
vessels were not seen. O. T. Schultz. 


Fibrous Induration of the Hilar Lymph Nodes of the Lung. W. Giese, 
Beitr. z. path. Anat. u. z. allg. Path. 90:555, 1933. 

A review of the literature relating to silicosis and induratiye tuberculosis of the 
lung precedes the detailed description and discussion of Giese’s study of induration 
of the bronchial lymph nodes. The findings that he reports are based in the main 
on the histologic study of human nodes and lungs, but in part also on experimenta- 
tion on animals. Fibrous induration of the bronchial nodes may be due either to 
silicosis or to tuberculosis, the two processes being readily distinguished micro- 
scopically. The two processes may be combined. Inoculation into animals revealed 
that in every instance in which tuberculosis developed in the animal the tuberculous 
character of the process in the human nodes could be detected histologically. 
Silicosis may lead to nodular or diffuse induration of the nodes, the former being 
the result of the transport to the nodes of larger amounts of stone dust. The 
process begins as reticulo-endothelial hyperplasia in the subcapsular follicles, which 
are transformed into hyaline, densely fibrous nodules. Diffuse induration, which is 
due to fibrosis of the reticulum, may be associated with the nodular form or may 
occur alone; the latter results from small quantities of stone dust. The inorganic 
ash of incinerated nodes was from five to ten times greater in silicotic and tuber- 
culous indurated nodes than in normal nodes of the same age period. The high 
ash content of tuberculous indurated nodes is due to the chronicity of the process 
and to increased phagocytosis of dust by the tuberculous granulation tissue. In 
both silicotic and tuberculous nodes, the dense fibrous tissue may undergo degen- 
eration, softening and organization or calcification. The pleural lymph nodes 
undergo the same changes as the hilar nodes; in both, silicotic induration can be 
differentiated histologically from that due to tuberculosis. Perforation of an 


indurated node into a bronchus is usually due to tuberculosis, although the latter 
process may h^ve been combined in the node with silicosis. The transportation of 
stone dust to the liver and spleen occurs by way of the blood stream and results 
from the passage of dust into the small vessels of the lung, or from perforation 
of a vessel by a silicotic hilar node. In the spleen silicosis may lead to induration 
of the follicles similar to that of the bronchial nodes. Tuberculous induration of 


the bronchial nodes was found by Giese to be more frequent than the silicotic form. 
Silicotic induration of the bronchial nodes depends on the physical and chemical 
properties of the inhaled stone dust and may occur unassociated with silicosis of 
the lun^,. Q Schultz. 


Congenital Anomaly of the Heart with Transposition of the Aorta. 

L. Kettler, Virchows Arch. f. path. Anat. 287:10, 1932. 

The heart, which is described in detail, came from a child that died at the age 
of IS months. The clinical diagnosis during life had been congenital cardiac 
anomaly, with a surmise of defective ventricular septum and open ductus arteriosus. 
The auricular and ventricular septums were defective. There were three ventricular 
cavities. The third ventricle, which gave rise to a pulmonary artery with only 
two valve segments, had been formed by division of the right ventricle by the 
persistent septum of the bulbus arteriosus. There was no right auriculoventricular 
orifice ; tlie left had five valve segments. The aorta arose from the right ventricle ; 
the coronary arteries were transposed. The left superior cava was persistent; the 
right had disappeared. The pulmonary veins entered the heart by a single trunk. 
There was a persistent coronary sinus with two valves. n m c,- 



582 


ARCHIVES OF PATHOLOGY 


Virchows Arch. f. path. 

After reviewing the differences of opinion that have been held on the question 
whether normal glia has a syncytial structure or is composed of individualized cells 
the author presents the results of a study of pathologic material derived from 
cerebral cysticercus, progressive paralysis and glioma of the brain. He concludes 
that in these conditions, at least, the glia has a syncytial structure. The nuclei of 
the syncytium have a limited degree of mobility. q ^ Schultz 


Cysts of the Posterior Roots of the Spinal Nerves. U. Hinrichs, 
Virchows Arch. f. path. Anat. 287:242, 1932. 

As a chance observation at necropsy the author describes a pea-sized cyst 
situated at the point of union of the ganglion with the posterior root of three 
different spinal nerves. The patient was a woman, aged 61. The origin of the 
cysts could not be determined. q .p Schultz 


Histology of Human Apocrine Sweat Glands. W. Richter, Virchows 
Arch. f. path. Anat. 287:277, 1932. 

This study is based on a series of 106 autopsies in which the apocrine glands 
of the skin were subjected to a careful histologic examination as to their content 
of iron, fat and cholesterol. All of the apocrine glands examined were found to 
contain iron. Evidence is furnished that iron probably is excreted by the glands. 
Concerning the fat and cholesterol content, it was noted that while all apocrine 
glands excrete small amounts of fat and cholesterol, by far the most excretion 
takes place in the axillary glands. No difference was seen in the histology or 
secretory activity of the apocrine glands in the two sexes. During pregnancy 
regressive changes and diminished secretory activity of the axillary glands were 
observed. Pathologic processes occasionallj'^ were encountered, such as cystic 
dilatation, atrophy with connective tissue proliferation, hyaline and amyloid degen- 
eration of the basal membrane and epithelial proliferation. In the ceruminal glands 
of the ear concretions were frequently observed. Saphir. 


Classification of Nephrosis. W. Ehrlich, Virchows Arch. f. path. Anat. 

287:333, 1932. 

In five of six cases of glomerulonephritis associated with amyloid nephrosis, 
hyaline and fatty degeneration of the tubular epithelium was found. These degen- 
erative changes are due not to circulatory disturbances of the glomeruli but more 
likely, as the author points out, to a primary toxic influence. Hence they must 
be regarded as a complicating primarj'^ nephrosis. Lipoid degeneration of the 
tubular epithelium was noted in all of the cases examined. Based on previous 
studies and his own work, the author proposes the following classification of 
nephrosis; (H) tubular nephrosis: (1) primarj’- — cloudy swelling, hyaline and 
fatty degeneration, necrosis; (2) secondary — ^fatty infiltration, hemoglobin infiltra- 
tion, biliary infiltration; (3) combined (primary and secondary) — lipoid nephrosis; 
(B) glomerulonephrosis, with or without lipoid degeneration — amyloid nephrosis. 

W. Saphir. 


Thyroid Gland of North German and South Germj\n Rats. W. Orywall, 
Virchows Arch. f. path. Anat. 287:348, 1932. 

Endemic goiter is confined to certain localities and in such areas affects domestic 
animals as well as the human population. As a preliminary to a proiwsed study ot 
the biologic reactions of the thyroid, the author made a study of the thyroid oi 
white rats of Stuttgart, an endemic goiter region of south Germany, and of rats 
from Leipzig, a nongoitrous district of north Germany. The thyroid of th 
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Stuttgart rat, both absolutely and relatively to body weight, is considerably heavier 
than that of the Leipzig rat. The thyroid of the south German rat has relatively 
less colloid and more epithelial tissue, to which its greater weight is attributed. 
The thyroid gland of the Stuttgart rats responded to small doses of iodine by a 
marked loss of weight. This was due to an increase in the colloid content and a 
corresponding decrease of epithelial tissue. The thyroid of Leipzig rats responded 
to small doses of iodine in a similar way but to a less marked degree. Larger 
doses of iodine caused marked epithelial hyperplasia. Saphir. 


Histology of the Valvular Lesions of Endocarditis Lenta. • R. H. Jaffe, 

Virchows Arch. f. path. Anat. 287:379, 1932. 

Jaffe presents the results of a histologic study of the valvular lesions of six 
hearts selected from among thirty-five cases of typical endocarditis lenta (Schott- 
rniiller) or subacute bacterial endocarditis (Libman) that came to necropsy at the 
Cook County Hospital, Chicago. In all of the cases selected. Streptococcus 
viridans was isolated from the blood. The duration of the disease varied from 
six week to eleven months, and the age of the patients, from 21 to 56 years. 
Special attention was directed to the early stages of the lesion, which are often 
best seen in areas not macroscopically involved. Infection of the valves occurs by 
way of the blood flowing over the surface of the valves, and only rarely by way of 
the coronary arterial circulation. The localization of bacteria leads to swelling, 
proliferation and necrosis of the endocardium and to a proliferative mesenchymal 
reaction of the subendocardial stroma. If, at this early stage, the tissue reaction is 
successful in restraining the bacteria, none of the latter are seen in the lesion, and 
the lesion resembles the verrucous lesion of rheumatic infection. If the bacteria are 
able to multiply, they are seen first in giant cells of fibrocytic origin. These cells 
undergo necrosis, and the characteristic clumps of bacteria are seen at the surface 
of the vegetation. The tissue about the clumps may early undergo calcification. 
The vegetation is formed, not of thrombotic material that is deposited on the 
surface of the injured valve, but of granulation tissue that has grown outward 
from the valve and that readily undergoes fibrinoid degeneration and necrosis. This 
productive, necrotizing, granulomatous lesion is characteristic of subacute endo- 
carditis. It remains for future study to determine whether the lesion is his- 
tologically specific of infection by Streptococcus viridans or whether it may also 
be^ caused by some of the other species of bacteria that have been isolated from 
clinically typical subacute bacterial endocarditis. Should the latter prove to be 
the^ case, the valvular lesion would then be the morphologic expression of bac- 
terial allergy. _ „ „ 

O. T. Schultz. 

Fibromyxomatous Hyperplasia of the Mitral Valve. H. Engel, Virchows 
Arch. f. path. Anat. 287:393, 1932. 

A woman, 43 years of age, died suddenly with symptoms of cardiac failure. 
Necropsy revealed the mitral valve transformed into a polypoid, tumor-like 
formation of firm consistency. Histologically, the tumor was composed of fibro- 
myxomatous connective tissue with numerous cell nuclei. In view of the absence 
of blood vessels and of inflammatory reaction, the author is inclined to classify 
the tumor in the group of endocardial tumors described by Ribbert, which are 
intermediate between hyperplasia and true blastoma. Saphir 


The Heart in Deaths Due to Embolism and Thro.mbosis. I. Putxoky 
and IC. Farkas, Virchows Arch. f. path. Anat. 287:400, 1932. 

In a series of 1,009 necropsies, death was due to embolism in 9 per cent and 
to thrombosis in 6 per cent. In 52 per cent of the patients who died of embolism 
and in 60 per cent of those who died of thrombosis, pathologic changes of the heart 
were found. In the cases of embolism, the changes were as follows: chronic 
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endocarditis, in 36 per cent; arteriosclerosis, 29 per cent; syphilic aortitis 17 
per cent; acute endocarditis, 11 per cent, and myocardial fibrosis, 6 per cent.' In 
the cases of thrombosis, the following cardiac conditions were found: arterio- 
sclerosis, in 28 per cent; myocardial fibrosis and chronic endocarditis, 26 per 
cent, and acute endocarditis, 13 per cent. „ 

W. Saphir. 


Vascular Changes of the Central Nervous System in Rheumatic 
Chorea. K. von Santha, Virchows Arch. f. path. Anat. 287:405, 1932. 

In a girl, 15 years of age, who was suffering from chorea, complete muscular 
paralysis of all the extremities developed. She died sixteen days after the onset 
of the disease. Autopsy revealed, besides acute endocarditis and pneumonia, 
remarkable changes in the brain. The significant features were thrombosis, 
obliteration and recanalization of the small vessels of the pia mater. There were 
capillar}'' endarteritis and small necrotic areas in the cortex and 


hyperemia, 

subcortex. 


W. Saphir. 


Cardiac Changes in Diphtheria. Donnerstag, Virchows Arch. f. path. Anat. 

287:421, 1932. 

The municipal hospital of Stettin has experienced an increasing number of 
deaths from diphtheria during recent years. The author reports the significant 
findings in a series of the fatal cases. In most of them death occurred with 
symptoms of cardiac failure shortly after the onset of the disease. Though gross 
cardiac changes were rarely noted, microscopically some or all of the following 
alterations were demonstrated in all cases: diffuse or circumscribed fatty degen- 
eration, myolysis or hyaline degeneration of the muscle fibers, interstitial inflam- 
mation and connective tissue proliferation. The last two conditions were found 
only in the later stages of the disease. w Saphir. 


Changes in the Nervous System in Lead Poisoning. H. Freifeld, 
Virchows Arch. f. path. Anat. 287:549, 1932. 

Postmortem observations led the author to believe that there is no justifiable 
evidence for the assumption that lead is electively harmful to the nervous system. 
The harmful action is not due to a specific damage of ganglion cells, but is explained 
by the destructive action of lead on the blood vessels. Venous congestion and 
stasis interfere with the nutrition of nerve tissue and gradually lead to destruction 
of the tissue with the formation of glia. The genesis of lead colic is explained on 
the basis of degenerative changes of the solar plexus. Ingested lead is gradually 
absorbed by the impaired mucosa of the colon and taken up by the lymph, which 
carries it to the solar plexus. In the author's cases marked lymphangitis and 
dilatation of the lymph vessels of the retroperitoneal region were usually found. 

W. Saphir. 


Extensive Necrosis of the Intestinal Tract in Agranulocytosis. H. 

Uffenorde, Virchows Arch. f. path. Anat. 287:555, 1932. 

In a case of agranulocytosis, the ulcerative lesions of the mucous membranes 
were not confined to the oral cavity, but were present in the entire alimentary tract 
from the oral cavity to the rectum. The most extensive changes were found in 
the esophagus, the mucous membrane of which was necrotic and separated entirely 
from the muscularis. The author presents a brief summary of the bibliography. 
Of 317 cases of agranulocytosis reported in the literature, the author believes that 
only 248 can be considered as true cases of agranulocytosis. Of these, there 
are only 40 (16 per cent) which offer proof for the assumption of an infectious 
etiolog}'. In 37 cases the relation of preceding infection to the onset of the disease 
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seems doubtful. For the majority of the cases of agranulocytosis reported in the 
literature, the author considers as the most satisfactory explanation the assumption 
of an impaired myeloid system due to either congenital or acquired factors of various 
origin. W. Saphir. 

Changes in the Osseous Capsule of the Internal Ear in Relation to 

THE HiSTOPATHOLOGY OF THE SKELETAL SYSTEM. M. MeYER, VirchoWS 

Arch. f. path. Anat. 288:1, 1933. 

This is one of four articles on the pathology of the osseous system that occupy 
the first 211 pages of a number of Virchows Archiv fiir pathologische Anatomic 
und Physiologic mid fiir klinische Mcdisin. Meyer’s contribution, which interprets 
a variety of pathologic states of the skeletal system in the light of changes observed 
in the bony capsule of the internal ear, is based on the recent monograph of Nager 
and himself. In the skeleton under normal conditions, bone is constantly being 
resorbed and reformed ; the skeleton is being continuously rebuilt. In diseases 
characterized by abnormal bone resorption or bone formation, what actually occurs 
may be difficult to determine because it is not always easy to distinguish between 
the normal and the abnormal processes. The development of the labyrinthine 
capsule is completed by the end of the second year of life. Thereafter no changes 
occur under normal conditions. Furthermore, the bone of the capsule has a 
different structure than that of the bone of the rest of the skeleton. It consists 
of islands of calcified embryonic cartilage entbedded in compact bone that is 
fibrillated and not laminated like other compact bone. If the capsule participates 
in systemic skeletal diseases, the early completion of development and the different 
structure should aid in the interpretation of the general diseases, since resorption and 
new formation of bone can be readily detected and the newly formed bone is lami- 
nated bone and not the normal fibrillated bone. Pommer has claimed that in senile 
osteoporosis bone resorption is normal, but reformation of bone is deficient. Accord- 
ing to Meyer, examination of the capsule of the internal ear establishes that new 
bone formation is very slight, but resorption of bone is marked. The moot question 
as to whether osteorrialacia is primarily a regressive process Meyer answers by 
saying that the uncalcified bone is not original bone that has undergone regressive 
changes but is newly formed, uncalcified, laminated osteoid tissue that has been 
laid down on the trabeculae of the original fibrillated bone. He could detect no 
evidence of halisteresis in the labyrinthine capsule in osteomalacia. He agrees with 
Schmorl, Schmidt and others that rickets is essentially the same process as 
osteomalacia but differs in its effects because rickets occurs at an age when hone 
formation is active. In rickets little change was noted in the inner, enchondral 
portion of the capsule. But in the outer, perichondrial portion, the formation of 
osteoid tissue was so great and characteristic as to permit the histologic diagnosis 
of rickets. Fibrosis of the marrow is not the primary factor, but is secondary to 
the bony changes. Fibrosis of the marrow leads to deficient pneumatization of the 
mastoid. ^ In osteodystrophia fibrosa, which includes Recklinghausen’s disease and 
Paget’s disease, the capsule of the internal ear reveals a characteristic mosaic struc- 
ture identical with that of other bones. Osteoclastic resorption of the original bone 
is followed by the formation of immature bone, which becomes transformed into 
mature fibrillated bone. About the marrow spaces laminated bone is deposited. 
The mosaic pattern is due to the intermingling of the different kinds of bone in 
varying stages of maturitjc The changes in the bony capsule of the internal ear 
were identical in Recklinghausen’s disease and Paget’s disease. Alore attention is 
paid to otosclerosis than to any other subdivision of the article. The changes in 
the bony capsule are identical with those of osteodystrophia fibrosa, of which disease 
otosclerosis is considered a form limited to the petrous bone. Identical histo- 
patholo^' does not necessarily presuppose a similar etiology. In endemic cretinism, 
tie chief change in the temporal bone is hyperplasia and hypertrophy of the sub- 
periosteal bone; the enchondral and perichondrial portions of the capsule of the 
. internal ear reveal only slight change. In mongolian idiocy no changes were noted. 
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a fact that speaks against a postulated relation of mongolism to cretinism. Con- 
genital osteogenesis imperfecta is characterized not only by disturbed osteoblastic 
function of the bone, but by a widespread disturbance of the mesenchyme. In' 
chondrodystrophy, the cartilage of the labyrinthine capsule is invaded by strands 

of connective tissue carrying blood vessels. /~v 

O. T. Schultz. 

Lymphogranulomatosis of Bone. E. Uehlinger, Virchows Arch, f path 
Anat. 288:36, 1933. 

This report is based on the study of fifty cases of lymphogranulomatosis, in 
forty-eight of which the diagnosis was established by necropsy and in two by 
biopsy. The age of the patients varied from 12 to 77 years. Sixteen died in the 
third decade and twelve in the fourth. Twenty-three of the patients were males 
and twenty-seven females. Lymphogranulomatosis is a specific infection, which is 
histologically distinct from tuberculosis and lymphosarcoma. Primary involvement 
of bone or involvement limited to bone does not occur. Lymphogranulomatosis of 
the skeleton is a secondary process and arises either by direct continuity from a 
contiguous focus or by hematogenous metastasis. In Uehlinger’s series, invasion 
of bone by direct continuity occurred twelve times and metastatic involvement 
five times. Under the metastatic cases Uehlinger includes only those in which the 
skeletal involvement was so widespread as to influence the clinical course of tlie 
disease. Direct erosive invasion occurred most often in the vertebrae, next in 
the sternum and pelvis and least often in the ribs, clavicle and scapula. The 
process begins in the periosteum, penetrates the lacunae of the cortex and spreads 
in the marrow, which is pushed aside or replaced. In the gross the process cannot 
be distinguished from an invasive neoplasm. The roentgenologic picture is not 
characteristic. Invasion of bone is usually painless and generally occurs relatively 
late in the course of the disease. Invasion of bone by direct continuity led to 
no characteristic or striking changes in the blood in Uehlinger’s cases. In the 
marrow histologically specific tissue is formed ; this tissue quickly undergoes 
fibrosis, even in the absence of irradiation therapy. The bone undergoes osteolysis 
and osteoporosis. The formation of endosteal and periosteal bone was infrequent. 
The radiosensitivity of the tissue varied and appeared to depend on the duration 
of the disease as a whole. The distribution of the lesions in hematogenous 
skeletal involvement coincided with the distribution of red marrow in the adult. 
The process begins as specific osteomj'^elitis, which leads to replacement and fibrosis 
of the marrow. Clinically, such cases were characterized by progressive anemia 
and leukopenia. The bone itself revealed relativel}’’ little change, and the roentgeno- 
logic findings were indefinite. The vertebrae, sternum and head of the femur 
were most often involved, the ribs, pelvis and cranium less often. Metastatic 
skeletal involvement occurred early in the course of the disease, which ran a rapidly 
progressive course. , g. T. Schultz. 


Renal Dwarfism and Renal Rickets. H. Hamperl and K. Wallis, Virchows 
Arch. f. path. Anat. 288:119, 1933. 

A detailed clinical and pathologic study of two cases of dwarfism is presented. 
Both patients were girls, aged 11 years and 3 months and 10 years and 5 months, 
respectively. The first had the stature of a girl of 6 years and 10 months, the 
second that of a girl of 5 years and 4 months. The body proportions were normal. 
The clinical findings were those of chronic interstitial nephritis, for whose onset no 
cause could be discerned in the history. The presence of chronic interstitial 
nephritis, with small contracted kidneys, was confirmed at necropsy. In the older 
girl, changes in the bones were very slight and were limited to the costochondral 
junctions of the ribs. The alterations were such as are seen in the ribs in yen 
mild rickets. In the younger child, the roentgenologic and the histologic 
were those of marked rickets. The authors do not believe that t e nep 
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was the direct cause of either the dwarfism or the rickets. If any important role 
is to be ascribed to the nephritis, it seems necessary to assume that the renal 
factor acts on a special constitutional factor. The authors prefer to assume that 
the same noxa caused the nephritis, the infantilism and the rickets. 

0, T. Schultz. 


Syphilis of Bone. E. Freund, Virchows Arch. f. path. Anat. 288:146, 1933. 


Most of the literature of syphilis of the bone dates from a period when the 
histopathology of bone was not so well known. Freund’s study, carried out in 
Erdheim’s institute, is based on a study of the bones in five cases of late syphilis. 
The process begins as a gummatous osteomyelitis or as a syphilitic periosteitis, 
the agent reaching the tissues by way of terminal vessels, about which the first 
changes occur. Diffuse osteomyelitis occurs, but is rare. Diffuse productive 
periosteitis is more common, but the periosteal lesions may also be gummatous. 
Caseation may be followed by softening and removal of the necrotic material by 
phagocytic histiocytes, giant cells and leukocytes. If the removal is complete, the 
gumma is replaced by dense fibrous tissue. If the necrotic material is incom- 
pletely removed, it becomes encapsulated and may undergo calcification. As the 
inflammatory tissue invades the spongy bone, the latter may undergo lacunar 
resorption, leading to the formation of spaces into which the syphilitic tissue grows. 
If the invasion of bone is more rapid, the bone undergoes caseous necrosis. Porosis 
and sclerosis of bone occur about the gummas. Microfractures of the bony 
trabeculae are not uncommon. Larger fractures may lead to nearthroses. Healing 
may lead to a restitution of the osseous tissue to normal, to complete replacement 
of the shaft of a long bone or to the bony encapsulation of defects caused by 


necrosis. 


O. T. Schultz. 


Unusual Anomaly of the Face in an Anencepiialic Monster. B. Rating, 
Virchows Arch. f. path. Anat. 288:223, 1933. 

In an anencephalic monster 32 cm. in length, an accessory nose was situated 
between a double right eye and the root of the normal median nose. The upper 
lip, palate and maxilla were cleft. The maldevelopment is made the basis of a 
discussion of incomplete reduplication anomalies of the face. 

O. T. Schultz. 

Congenital Atresia of the Larynx with Hypertrophy of the Lungs and 
Generalized Hydrops. A. Kovacs, Virchows Arch. f. path. Anat. 288:243, 
1933. 

In a female infant weighing 2,500 Gm., respiratory movements and contractions 
of the heart continued for twenty minutes after birth. The body was markedly 
edematous, and the peritoneal cavity was filled with fluid. Necropsy revealed 
complete atresia of the larynx and marked enlargement of the lungs. Other 
anomalies were absence of one kidney, ovary and oviduct; atresia of the anus and 
vagina, and ankyloblepharon. The increase in the size of the lungs was due to 
distention of the alveoli by mucus. The pulmonary hypertrophy and the hydrops 
were the direct results of the atresia of the larynx, which interfered with the 
escape of mucus from the bronchial system. Hydrops was the result of mechanical 
compression of the heart and vessels by the distended lungs. According to the 
author, only seven examples of congenital atresia of the larynx have been pre- 
viously reported. In one of these the lungs were enlarged and there was hydrops. 
In other cases the state of the lungs was not noted. The author thinks that the 
enlargement was overlooked, since hydrops was present in several cases. 

O. T. Schultz. 
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Accessory Tongue. K. M. Menzel, Virchows Arch. f. path. Anat. 288:253, 
1933. 

Anomalies previously described as accessory tongue have been rounded masses 
in the floor of the mouth that contained cartilage or adipose tissue and that were 
attached to the body of the hyoid bone or to the septum of the tongue. They 
have had little structural resemblance to the normal tongue. Menzel carefullv 
describes as accessory tongue two examples of a congenital anomaly that he 
claims^ has never been heretofore recorded. One was in a youth, aged 16, the 
other in a woman, aged 26. In each instance the accessory tongue was about the 
size of a walnut. It exhibited spontaneous fibrillarj’’ and coarser contractions 
and had a papillary surface like that of the base of the tongue. In the boy the 
mass was attached to the lower pole of the left tonsil. In the woman it was 
attached to the right side of the base of the tongue ; the right tonsil and faucial 
pillars were absent. In each case the anomaly was associated with atresia of 
the external auditory canal, absence or maldevelopment of the e.xternal ear, 
maldevelopment of the middle ear and congenital paresis of the facial 
nerve, in each case on the same side as the lingual anomaiy. The internal 
ear and labyrinth were functionally normal. Taste sensation of the accessory 
tongue of the boy was carefully tested and was found to be present and normal. 
Histologic examination of the structure after removal showed it to have a surface 
like that of the normal tongue, with filiform and circumvallate papillae and taste 
buds. The deeper portion of the mass consisted of striped muscle. Atresia auris 
associated with paresis of the facial nerve has frequently been described. These 
conditions are ascribed to defective development arising not later than the third 
fetal month in the region of the first and second branchial arches. Menzel believes 
that the accessory tongue described by him arose from multipotent tissue of this 
same region. q Schultz. 

Anomalies of the Mullerian Duct. C. O. Kesselburg, Virchows Arch. f. 
path. Anat. 288:269, 1933. 

Defective development of the derivatives of the mullerian duct is usually 
associated with cloacal defects. In the two fetuses described, the rectum and 
bladder were normal. In one, a rudimentary left uterus, to which a normal tube 
and ovary were attached, was connected with the bladder bj' a narrow duct 
whose opening into the bladder was situated beside the ureter of the same side. 
The urinary tract and a separate right uterus, tube and oi-ary were normal. In 
the second case there was complete duplication of the uterus. The left uterus, 
to which a tube and ovary were attached, opened into a normal vagina. The 
right uterus opened into a short, rudimentary vagina which communicated with 
the urethra and the left vagina. The right kidney, ureter, tube and ovary' were 

O. T. Schultz. 

Relation of Alterations in the Brain to Hepatic Disease. H. J. 

Scherer, Virchows Arch. f. path. Anat. 288:333, 1933. 

The constant occurrence of cirrhosis of the liver in Wilson's disease led to 
the histologic examination of the brain in forty-one cases of various kinds of 
hepatic disease. In addition to ordinary atrophic cirrhosis and acute yellow 
atrophy, the series included cases of pigmentary cirrhosis, fatty cirrhosis, wide- 
spread primary' and secondary carcinoma of the liver and pseudocirrhosis of 
marked passive congestion. Changes in the macroglia were noted in 90 per cent 
of all the brains examined. These changes consisted in the presence of an increased 
number of enlarged, vesicular, naked nuclei. This process was independent 
of any parenchymatous changes in the brain. A probable histologic diag- 
nosis of disease of the liver is possible from these cerebral changes. The degen- 
erative changes of the ganglion cells of the basal ganglions, characteristic ol 
Wilson's disease, were not obsen'ed in any instance in this senes. The gHai 
reaction of Wilson’s disease is held to be secondary to the coexisting disease ot 
the liver. O. T. Schultz. 
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Changes in the Muscles and Nerves in Paralysis Agitans. Else Petri, 
Virchows Arch. f. path. Anat. 288:370, 1933. 

Degenerative, regressive changes were noted in the brachial plexus and in the 
nerves of the forearm and in the muscles of the forearm, pharjmx and tongue in 
a case of paralysis agitans which revealed relatively slight alterations in the central 
nervous system. The author suggests that death iti this disease may be due to 
involvement of the diaphragm. q_ 'p Schultz. 

Contracted Kidney Due to Sclerosis of the Medulla. K. Helpap, 
Virchows Arch. f. path. Anat. 288:383, 1933. 

The kidneys of 126 elderly persons were examined with reference to the degree 
of renal arteriosclerosis and the extent of fat and calcium infiltration of the 
medulla. No direct relationship between the two processes was found to exist. 
With the point of view of the independence of arteriosclerosis and medullary 
intertubular change as a background, the author describes four examples of marked 
fibrosis of the medulla which was associated with changes in the cortex and with 
relatively slight arteriosclerosis. The glomeruli were only slightly altered. The 
cortical involvement is held to be secondary to the medullary sclerosis and is 
likened to that of the hydronephrotic contracted kidnejc Localized fatty infiltration 
and calcification of the medulla with tubular atrophy may lead to localized ascending 
sclerosis of the cortex. A combination of medullary sclerosis and arteriosclerosis 
may lead to the most extreme degree of renal contraction. q t' Schultz 


Immunology 


Quantitative Precipitin Study on Rabbits Injected with an Azo Protein. 
M. Heidelberger, F. E. Kendall and C. M. Soo' Hoo, J. Exper. Med. 
58:137, 1933. 


The preparation of a deep red protein dye, R-salt-azobenzidine-azocrystalline 
egg albumin is described, which contains no more than traces of protein with the 
original specificity of egg albumin. Based on previous publications of the authors, 
a method is given for the microscopic quantitative estimation of precipitin in anti- 
serums to the dye. The method gives the actual weight of the precipitin and may 
be applied to the determination of the maximum amount of precipitable antibody 
in any antiserum. Data are given (1) on the influence of the period between the 
final injection and the bleeding on the precipitin content of rabbit antiserums to 
the azoprotein; (2) on the magnitude of the antibody response following the injec- 
tion of multiple doses of the antigen varying within wide limits; (3) on the varia- 
tions in the precipitin content of the serums of rabbits given successive courses of 
injections of the antigen, and (4) on the stability of the antiserums in cold storage. 
Four antiserums were obtained from which the amount of precipitin recovered 
was over one hundred times the amount of antigen injected. This supplements the 
gro\ying mass of evidence against the theory that fragments of specific antigen 
are incorporated in the antibody molecule. Author’s Summary. 


Immunization with Purified Haptens. H. Merckens, Ztschr. f. Immunitats- 
forsch. u. exper. Therap. 78:308, 1933. 

The purification of alcoholic extracts of organs, according to Weil and Ritzen- 
thaler, is based on removal of the lecithin and cephalin compounds with cadmium 
chloride and subsequent precipitation with acetone. Immune serums of rabbits 
treated with mixtures of such extracts and diluted hog serum possessed all the 
qualities of the serums produced with unmodified extracts. j p widsohn 
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Adsorptiok a.xd Elution of the Antigenic Substance. A. J. Weil, B. 
Ritzenthaler and H. Merckens, Ztschr. f. Immunitatsforsch. u exner 
Therap. 78:316, 1933. ^ 

The antigenic substance can be removed from alcoholic extracts by adsorp- 
tion with kaolin and other inorganic adsorbing compounds, and it can 
then ^ be liberated by washing with water, physiologic solution of sodium 
chloride, alcohol or methyl alcohol, but not with acetone or ether. The adsorption 
is equally easy from acetone extracts, but the subsequent elution is not possible. 
The antigens which were purified according to the procedure of Weil and Ritzen- 
thaler behaved in the same manner with regard to adsorption and elution as did 

the nonpurified extracts. t i-, 

I. Davidsohn. 


Mechanism of the Formation of Anatoxin. S. Schmidt, Ztschr. f. 

Immunitatsforsch. u. exper. Therap. 78:339, 1933. 

The article contains a review of the hypotheses by which authors have attempted 
to explain the nature of the detoxifying process. After a critical analysis of the 
available facts, Schmidt concludes that no satisfactory and fool-proof explanation 
has been advanced. The facts available are that the marked chemical and thermal 
resistance, the irreversibility of the detoxifying process and the drop of the amino- 
nitrogen values differentiate the anatoxin from the toxoid. Purified toxins are 
readily changed into anatoxins. j davidsohn. 


Transferable and Inhibiting Substances in the Blood of Allergic 
Patients. W. Kremer, Ztschr. f. Immunitatsforsch., u. exper. Therap. 
78:382, 1933. 

The transferable substances (allergens) were determined by means of the method 
of passive transfer, and the inhibiting substances (antiallergens) were demonstrated 
by mixing the allergens with the patient’s blood or blood serum and then injecting 
the mixture intracutaneously. The usual cutaneous reaction was inhibited in the 
presence of antiallergens. Both types of substances are found frequently, but they 
need not be present simultaneously, as was seen in three patients who had only 
one kind of substance in the blood. Both types of substances always correspond 
with the allergens to which the patient is sensitive. They were never found in 
nonallergic persons. The antiallergens are transferable to the skin of other persons 
sensitive to the same allergens. The author concludes that the transferable allergens 
and the antiallergens are not identical. j Davidsohn. 


Boiled Liquid Serum as Antigen for the Prep.aration of Precipitating 
Antiserums. F. P. Leusden and Erwin Petrich, Ztschr. f. Immunitats- 
forsch. u. exper. Therap. 78:393, 1933. 

Serums of the sheep, goat, ox, horse and pig and that of man were diluted 
with distilled water, boiled and used for immunization of rabbits. The precipitin 
titers for the homologous antigens and for the unheated serums were determined 
on several occasions during the treatment. The titers for the homologous antigens 
rose early, though only moderately, but soon became stationarj"-, while those for 
the unheated serums rose slowly, reached a higher peak than the former and then 
dropped rapidly. Differentiation of the unheated and the boiled serum by means 
of precipitins produced with the boiled serum was not possible. Group reactions 
were observed with native and with boiled serums, while nonspecific reactions 
occurred only with boiled serums, Davidsohn. 

Influence of Venesection on the Titer of Diphtheria Antitoxin. 
E. F. Gogin and E. G. Zurinowa, Ztschr, f. Immunitatsforsch. u. exper. 
Therap. 78:404, 1933. 

The titer of the immune serum of horses was determined by means of the 
flocculation test of Glenny and Okell. The titer was highest eight days after the 
last injection of the antigen and dropped steadily afterward. The variations m 
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the titer could not be correlated with any known factors. The bleeding of the 
horses on the eighth and tenth days proved most satisfactory ; an additional third 
bleeding is not advisable. The amount of serum obtained at the second bleeding 
was from 7 to 8 per cent larger than that obtained at the first. 

I. Davidsoiin. 

COMPAIUVTIVE STUniES OF THE PuElFlED ToXINS OF STREPTOCOCCI OF SCAREET 
Fever and of Erysipelas. W. A. Krestownikowa and E. M. Rjaciiina, 
Ztschr. f. Immunitiltsforsch. u. c.xper. Therap. 78:414, 1933. 

The strains Dick 8 and Dochez were used lor the preparation of the toxin 
of scarlet fever streptococci, and the strain Birkhaug 4c was the source of the 
erysipelas toxin. The purification consisted of removal of proteins, dialysis, 
inspissation, precipitation with alcohol and drying. The final product, a powder, 
was insoluble in lipoid solvents and contained a carbohydrate substance. The two 
toxins differed in quantitative chemical composition; the dift'ercnce became more 
or less obliterated with the progress of purification. Both products were toxic 
when injected intracutaneously, the toxicity of the scarlet fever streptococcus being 
very much more marked. Characteristic cutaneous and systemic changes were 
studied, the latter occurring only after intravenous introduction of the toxin of 
the scarlet fever streptococcus. Continued dialyzing lowered the toxicity of the 
toxin of scarlet fever to the level of that of the erysipelas toxin. Immune serum 
introduced one or two days previous to the intracutaneous injection prevented the 
appearance of the cutaneous manifestations. The toxin gave positive precipitation 
and complement-fixation reactions with immune serums. The antigenic action of 
the toxin of the scarlet fever streptococcus was much more pronounced than that 
of the erysipelas toxin, Potent immune scrums were produced in rabbits treated 
with the purified toxins. The toxins possess all the qualities of full antigens. 

I. Davidsoiin. 

The Behavior of Brain Extracts in Serologic Reactions. Gertrud 
PitfissE, Ztschr. f. Immunitatsforsch. u. exper. Therap. 78:437, 1933. 

The purpose of this investigation was to determine whether the frequently 
observed positive complement-fixation reactions between alcoholic e.xtracts of brain 
and cerebrospinal fluid are specific or whether they arc due to the composition of 
the fluid. The latter assumption was found to be true, because the fixation did 
not take place when normal human scrum was added to the cerebrospinal fluid. 
The positive reaction of the fluid with the regular heart extract was only occa- 
sionally slightly weakened by the addition of normal scrum. Not all human 
scrunis had the ability to modifj' the reaction of the cerebrospinal fluid. The 
reaction with brain extract of an antiserum against beef heart extract was similarly 
removed after the addition of normal scrum. The addition of normal rabbit scrum 
had a similar effect on the reaction between a hctcrophilic immune scrum and a 
weak Forssman antigen, but the reaction with a strong antigenic extract was not 
influenced. 

The author concludes : If cerebrospinal fluid giving a positive Wassermann 
reaction reacts with brain extracts and the blood serum docs not react, the phe- 
nomenon is due not to the presence of specific brain antibodies in the fluid but to 
colloidal differences between cerebrospinal fluid and blood scrum. 

I. Davidsoiin. 

I^Ieningococcus Toxin. W. Krestownikowa, A. Belkina, E. Dosser and 
I. Lasowsky, Ztschr. f. Immunitatsforsch. u. exper. Therap. 78:451, 1933. 

Cultures of A, B and C strains of meningococci developed, after from five 
to six days, a toxic filtrablc substance which was characterized by marked 
thermostability (it stood boiling for fifteen minutes) and by resistance to freezing 
and thawing. The toxin could be concentrated by Himtoon’s method. It was 
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toxic to mice, rabbits and guinea-pigs. Animals killed by intraperitoneal injections 
snowed at postmortem examination pronounced toxic-degenerative, but nonspecific 
changes. The changes in rabbits dying of meningitis after suboccipital introduc- 
tion of the filtrate were similar to those which follow meningitis produced by 
bacteria. The filtrates reacted with immune and convalescent serums in the form 
of flocculation, precipitation and complement fixation. Mixing of bacterial immune 
serums with the filtrate protected mice, which shows that bacterial immune serums 
contain antitoxin. Formaldehyde detoxified the filtrate. Rabbits inoculated with 
the filtrate produced precipitating and complement-fixing immune serums. The 
toxic substance in the filtrates resembles the toxin of the scarlet fever streptococcus. 
It is a polysaccharid : it produces similar intracutaneous lesions in man and shows 
other similar features. t 


Serologic Specificity of the Suprarenal Medulla. E. Witebsky and 
J. Klinke, Ztschr. f. Immunitiitsforsch. u. exper. Therap. 78:509, 1933. 

The serum of rabbits treated with suspensions of carefully separated medullary 
parenchyma of the suprarenal glands of oxen reacted in complement-fixation tests 
specifically with alcoholic extracts and less strongly with aqueous suspensions of 
suprarenal medulla of the ox, the hog and the sheep. Some antiserums reacted 
slightly with suprarenal cortex, but the impression was gained that whenever 
the material which was used for immunization had been thoroughly freed from 
cortical parenchyma the organ specificitj'- of the antiserum was absolute. Brain 
antiserums reacted with extracts of suprarenal medulla, which is explained by 
the embrimlogic relations of both organs; however, antiserums against suprarenal 
medulla failed to react with brain extracts. The results of this investigation 
increase the number of organs which are known to produce organ-specific immune 
serums to five (the lens, brain,, spinal cord, posterior lobe of the hypophysis and 
suprarenal medulla). Davidsohn. 


Prophylactic Vaccination in Icterohemorrhagic Spirochetosis. Hidet- 
SUNE Wani, Ztschr. f. Immunitiitsforsch. u. exper. Therap. 79:1, 1933. 

The spirochetes were grown in pure culture on a modification of Noguchi’s 
ascitic fluid-kidney-paraffin medium. Inada and Ido are the authors of the modifi- 
cation. The vaccine was injected in two doses of 2 and 3 cc. between the shoulder 
blades. The vaccination was carried out on 10,268 miners who were employed in 
Japanese coal mines known to have been infested with the disease for many years. 
Only 0.13 per cent of those vaccinated contracted the disease, while among the 
untreated persons 1.12 per cent became infected. An epidemic in one of the mines 
was quickly terminated by vaccination of all miners. The immunity acquired by 
vaccination was present nineteen months after the treatment. The symptoms result- 
ing from the vaccination were insignificant. The most serious complication was 
occasional formation of abscesses on the site of injection. An appendix contains 
a review of 14,686 vaccinations which were carried out by Majima in different 
groups of miners. The results were satisfactory. Davidsohn. 

Adsorption of Alcoholic Extracts of Organs. Trude Fischer, Ztschr. f. 

Immunitatsforsch. u. exper. Therap. 79:39, 1933. 

The article confirms the reports of various investigators that the haptens can 
be removed from alcoholic extracts of organs by means of rarious adsorbents. 
Cholesterolized alcoholic extracts of beef heart were deprived of their ability to 
fix complement in the presence of syphilitic serums after adsorption with barium 
sulphate and with calcium phosphate, but not after adsorption with aluminum 
hydroxide and kaolin. Such adsorbed extracts reacted with lipoid antiserum of 
rabbits. The heterophilic antigenic substance was removed both from undiluted 
and from diluted alcoholic c.xtracts of horse kidney with specially prepared kaolin. 
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Titer and Concentration of Precipitins. Takeo Satoh, Ztschr. {. 

Immunitatsforsch. u. exper. Therap. 79:117, 1933. 

The titer of precipitins in an immune serum is a distinct and separate qualitv 
from their concentration. The concentration of the precipitins determines the 
content of the serum. The latter is determined b}’’ using the opposite procedure 
from that employed in the estimation of the titer: The immune serum is diluted 
and the antigen remains constant. Rabbits showed a high precipitin titer after 
a single injection, but the concentration of the antibodies was low; after repeated 
injections the concentration increased, while, as a rule, the titer remained approxi- 
mately unchanged. The heterologous nonspecific precipitins were almost absent 
following a single injection; following multiple injections their titers were so 
high that the specific character of the serums was almost lost. The concentration 
of the heterologous precipitins was low, and the specific nature of the serum could 
be demonstrated by proper dilution with normal rabbit serum. The coarseness 
of the precipitate was greater in serums with a higher concentration of the antibody, 
but was not dependent on the titer. Resistance to heat, to chemicals and to 
physical influences and the complement-fixing ability of the immune serum were 
also dependent on the concentration of the precipitins, but not on the height of 

I. Davidsohn. 


Standardization of Antitoxic Staphylococcus Serum. H. Gross, Ztschr. 
f. Immunitatsforsch. u. exper. Therap. 79:163, 1933. 

The hemolytic, the 'necrotizing and the systemic toxic qualities of the staphylo- 
coccus toxin are met by the corresponding antibody manifestations in the immune 
serums produced by treatment of rabbits with filtrates of from two to three week 
old broth cultures of strongly hemolytic and highly toxic staphylococci. Gross 
suggests the employment of the antihemolytic titer as an index of the antitoxic 
value of the immune serums. One-one hundredth cubic centimeter of a serum able to 
inhibit the minimal hemolytic dose of the toxin should be agreed on as the unit of 
antitoxin. The minimal hemolytic dose is the smallest amount of toxin which 
hemolyzes 1 cc. of a 1 per cent suspension of rabbit red blood cells after one hour 
of incubation at 37 C. I. Davidsohn. 


Antagonism Between Red Blood Cells and Organs of the Rabbit in 
Content of A Substance. Walter Treibmann, Ztschr. f. Immunitats- 
forsch. u. exper. Therap. 79:274, 1933. 

The failure of rabbits without normal anti-A agglutinins to produce group- 
specific anti- A serums is due to the presence of the A quality in their tissues and 
blood serum. This was demonstrated by Treibmann by means of the inhibiting 
effect of such tissues on the hemolysis of sheep red cells by immune 'serums 
produced with human group A red cells. The procedure of the inhibition of 
hemolysis, as suggested by Brahn and Schiff, proved the most sensitive of all 
methods for the demonstration of the quality A. Complement fixation -with watery 
suspensions and with alcoholic extracts was also employed. The substance A 
could not be demonstrated in the red blood cells of rabbits which had varying 
quantities of it in the other tissues. Rabbits with normal anti-A agglutinins in 
their serum do not possess the A quality in their tissues. Davidsohn. 


Analysis of Blood Antigens with the Help of Hetero-Agglutinins. 

M. Eisler and A. Howard, Ztschr. f. Immunitatsforsch. u. exper. Therap. 
79:293, 1933. 

The effect of red blood cells of different species of animals on normal hetero- 
agglutinins in their serums permitted the recognition of identical antigenic sub- 
stances in the blood cells of distant species and of differences in the blood cells of 
closelv related species and of individuals of the same species. The results con- 
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firmed those obtained by various authors in the study of immune serums against 
\-arious bloods. The distribution of the common antigenic substances shows no 
apparent relation to the zoological system. Witte’s peptone inhibited the agglutina- 
tion of certain red blood cells by some norma! serums. The inhibiting effect of the 
peptone was removed by fecal extracts. X D-Wiosonx. 

Productiox of Antibodies Ag.\ixst Cvrbohydr.vtes (Ac.vcia). P. Uulen- 
HUTH and E. Remy, Ztschr. f. Immunitatsforsch. n. exper. Therap. 79:318. 
1933. 

As far back as 1904. Uhlenluith reported flocculation in a mixture of a suspen- 
sion of acacia with normal serum of some animals. In rabbit serum which did 
not react with flocculation normally, flocculation occurred after immunization with 
acacia. The in vitro reaction also took place with arabic acid and with its calcium 
salt. Ulilenhuth in the original publication emphasized the significance of the 
observation, whicli suggested antigenic qualities of a carbohydrate substance, but 
reserved a definite opinion till arabic acid should be produced in a chemically pure 
state. The experiments were recently successfully rejieated with the cooperation of 
Remy. The production of antibodies was demonstrated by means of the precipita- 
tion and complement-fixation reactions. The failure to obtain a nitrogen-free arabic 
acid again prohibited definite chemical conclusions as to the antigenic role of the 
carbohydrate in acacia. j D.widsohx. 

Serologic Specificity of the Pixe.\l Gl.\xd. E. Witebsky and H. 
Reichxer, Ztschr. f. Immunitatsforsch. u. exper. Therap. 79:335. 1933. 

Relative and quantitatively limited serologic specificity of the pineal gland 
could be demonstrated by means of immune scrums produced in rabbits with 
aqueous suspensions of the organs, while immune serums produced' with alcoholic 
extracts did not permit differentiation from the brain. Differentiation from other 
organs than tlie brain was accomplished. The organ-specific quality is therefore 
insoluble in alcohol and thermolabile. j Dwidsohx. 


Behavior of Complement and of Its Components Dfring Adsorption and 
Elution. Leo Olitzki, Ztschr. f, Immunitatsforsch. u. exper. Therap. 
79:347. 1933. 

For adsorption, kaolin, aluminum hydroxide and a compound, silarpi'lc (the 
nature of whicli is not mentioned), were used. The attempts to liberate the adsorbed 
active substance by ivashing ivith \-arious solutions (glycine and sodium chloride, 
glycine and sodium hydroxide, sodium phosphate and glycerin) were not successful 
when the whole complement was adsorbed, but some of the active principle was 
freed when the sejrarated midportion was used. The end-portion of the complement 
had a greater acti-vating ability than the midportion. j n widsoii.v. 


The Context of Agglutinins in Combined Or-\l .\nd Subcutaneous 
Typhoid Immunization. Heinrich Ruge. Zentralbl. f. Bakt. (Abt. 11 
124:276, 1932. 


Twenty-two men were given a lysate of typhoid bacilli by mouth and four 
weeks later ivere immunized subcutaneously with the same type of lysate. 
Agglutination tests made four weeks after the oral administration of the lysate 
were positive in two thirds of the subjects. Following subcutaneous a'accination 
the tests showed higher titers in those who had previously given positive reactions 
after oral immunization than in those who had received the lysate only sub- 
cutaneously. The author concludes that oral imnumization favors the formation 

of agglutinins. . t> 

Paul R. Cannon. 
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Tumors 

Glioma of the Cerebral Hemispheres. H. Bergstrand, Virchows Arch f 
path. Anat. 287:797, 1933. 

The author examined about one hundred cerebral gliomas. One third of them 
were clinically benign, and two thirds were clinically malignant. Following a 
detailed description of the specimens, the author considers Cushing and Bailey’s 
classification too artificial and furthermore unnecessary. He proposes a subdivi- 
sion into benign astrocytoma and malignant glioblastoma. At times, however, 
it may be impossible to draw a sharp line between these two forms. 

W. Saphir. 

Morphology of Glioma. L. Sixger and J. Seiler, Virchows Arch. f. path. 
Anat. 287:823, 1933. 

The authors’ studies lead them to conclude that the astroc 3 ^tic glia of the glioma 
must be differentiated from the tumor parenchyma. The astrocytic glia and the 
mesodermal reticulum constitute the stroma of the growth. The tumor tissue. 
itself is held to originate in differentiated nerve cells. According to this con- 
ception, the name “glioma” is misleading and should be abolished. The authors 
reject Cushing and Bailey’s classification and propose a simple classification into 
medulloblastoma and ganglioneuroma according to the nature of the specific tumor 
cells. The character of the stroma may be indicated bj'' the adjectives “reticular,” 
“syncytial” and “neuromatous.” -.Tr 


Neoplastic Rupture of the Spleen. M. Plonskier, Virchows Arch. f. path. 

Anat. 289:370, 1933. 

A man, aged 63, died of intraperitoneal hemorrhage due to spontaneous rupture 
of the spleen. Examination during life had brought to light marked anemia and 
leukocytosis (white cell count, 34,000), most of the cells being mj^elocytes. At 
necropsy a mass in the mediastinum was held to be a primar}'^ tumor. There were 
numerous metastases in all the organs, including the spleen, which weighed 540 Gm. 
and had ruptured. Histologicallj’^ the tumor was suggestive of carcinoma in 
places, but its exact origin remained in doubt, although it was held to be probably 
a reticulo-endothelial sarcoma. n t- cr.TT,Tr'r 7 


Lipoids of Tumors of the Skin. L. Szodoray and P. Spanyar, Virchows 
Arch. f. path. Anat. 289:493, 1933. 

Thirty-one tumors of various kinds were examined by the various histochemical 
methods for fats and lipoid substances. In twenty-one of these tumors, which 
included seventeen tumors of the skin, quantitative chemical estimation of total 
fat, neutral fat, lipoids and cholesterol was also carried out. The neoplasms of 
the skin contained a relatively large amount of visible fat, which was not neces- 
sarily associated with an increase in total fat. The histochemical methods are not 
sufficiently specific to permit identification of the various kinds of fatty substances 
that may be present within the cells. The' most striking finding in the tumors 
of the skin was an increase in cholesterol, which constituted from 5 to 21 per cent 
of the total fatt}' substances and more than 1 per cent of the drj'^ weight of the 
tumor tissue. O. T. Schultz. 


Calcifying Epithelioma of the Skin. W. Fink, Virchows Arch. f. path. 
Anat. 289:527, 1933. 

Calcifying epithelioma of the skin has been held by many to be a characteristic 
kind of epithelioma. In 1930 B. Fischer described calcification of atheromatous 
epidermal cysts, which raised the question whether all of the so-called calcifying 
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epitheliomas of the skin are true epitlieliomas. Fink examined histologically nine 
such nimors and a number of atheromatous cysts. He concludes that the term 
calcifj-ing epithelioma includes two kinds of structures. Some are true basal cell 
epitheliomas in v.-hich the epithelial parenchyma has undergone degeneration and 
fam- change. This is followed by connective tissue organization and calcification 
of the degenerated material, and sometimes by true bone formation. Otliers are 
atheromatous epidermal cysts in which inflammation of the capsule has led to 
oenetration of organizing connective tissue into the fatty contents of the cyst and 
to calcification. If the epithelium has been completely degenerated it is impossible 
to decide the origin of the calcified tumor. Although the so-called calcif 3 -ing 
epitheliomas may be either true epitheliomas or atheromatous cysts that have 
undergone calcification, the process is identical in both and is essentialh- one of 
organization of degenerated epithelium. q Schultz. 

Braxckiogexic C-vrcino:.l\ ix .v Hop.se. P. Koster, Virchows .Arch. f. path. 

Anat. 289:5-?4, 1933. 

Although branchiogenic carcinoma of die neck is not uncommon in human 
beings, its occurrence in domestic animals has been described infrequently. The 
author describes a tj-pical branchiogenic squamous cell carcinoma in a horse. 

O. T. Schultz. 


CoLLisiox CvRCixoii.v .4.XD S.vRcosi.^. V. XowicKi. Virchows .A,rch. f. path. 

Anat. 289:554, 1933. 

The author describes two neoplasms composed of an admixture ot carcinomatous 
and sarcomatous tissue. One was a tumor of the mammaiy- gland of a woman 
aged 45. In its peripheral portion it was pure glandular carcinoma. Centrally 
it was spindle cell sarcoma with numerous large, multinucleated giant cells. In 
an intermediate zone the two kinds of tissue were intermingled. The second tumor 
was a nodule that apparently arose from the wall of a bronchus. At the pole 
which had replaced bronchial tissues it u-as a bronchogenic carcinoma. .A.t the 
opposite pole it consisted of spindle cell sarcoma. The midportion was composed 
of an admixture of die two kinds of tissue. The author interprets both tumors 
as the result of the independent development ox carcinoma and sarcoma and of 
the invasion of one tj'pe of neoplastic tissue b\' the other where the two kinds 
came in contact. He discusses the nomenclature of tumors composed of both 
carcinomatous and sarcomatous tissue. For those that develop as two distinct 
tv-pes of neoplasm which become intermingled in the course of their growth he 
prefers the name collision carcinoma and sarcoma. n T 


OXCOCYTES IX S.VLXV.VKY GlAXDS .^XD ThEIR ReL.^TIOX TO TUMORS. G. 

Steixh-VRdt, Virchows Arch. f. path. Anat. 289:624, 1933. 

Steinhardt s report is based on histologic examination of salivary glands in sixty- 
five necropsies, undeitaken with the view of determining the correctness of 
Hamperl's ^sertion (VircJicm's Arch. f. path. Anat. 282:724. 1933; abstr., Arch. 
F;'^th. 15:733, 1933) that tumors of the salivarj' glands and Ijanpho-epitheliomas 
of the buccal cavitj* and pharynx may arise from cells that he termed oncocytes. 
These are derived from glandular and duct epithelium by a process which Hamperl 
termed senile difterentiation. Steinhardt could find no oncocytes in any of his 
material, although he did find what Hamperl had described as a transitional form 
in eight cases, all occurring in persons over 60 j’ears of age. Steinhardt agrees 
that these are senile cells. Xodular and papillarv' hv'perplasias of such transitional 
cells were seen a few times. He does not agree that bmpho-epitheliomas are 
derived from^ such cells or from oncocytes, but considers that they probablj* arise 
from branchial cleft rests. He describes a solid adenoma of the parotid gland. 

t O. T. Schultz. 
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Tumors of the Fourth Cerebral Ventricle. B. Kellner, Virchows Arch 
f. path. Anat. 289:656, 1935. 


Two tumors of the fourth ventricle are described. One is considered an 
ependymal glioma; the other, an epithelioma derived from the covering cells of 


the choroid plexus. 


O. T. Schultz. 


Presence of Receptors M and N in Tumors. Alfred Zacho, Ztschr. f. 

Immunitatsforsch. u. exper. Therap. 77:520, 1932. 

The substances M and N were found in thirteen malignant tumors; they were 
absent in seven benign growths. The determination was based on absorption of 
purified immune serums containing the substances M and N by aqueous extracts 
of tumor tissues. Complement fixation was found unsuitable for the detection of 
substances M and N. Davidsohn. 


Serologic Analysis of Sarcomatous Tissue. E. Witebsky and E. Morelli, 
Ztschr. f. Immunitatsforsch. u. exper. Therap. 78:179, 1933. 

The serum of rabbits treated with sarcomatous tissue reacted in complement- 
fixation tests most strongly with sarcoma extract, less with carcinoma extract, 
least with normal tissue extract and not at all with extract of rat or chicken 
sarcoma. The A group-specific quality could not be demonstrated in the sarcom- 
atous tissue, although it was regularly present in the carcinomatous tissues of 
the same blood group. The reactivity of the immune serum was not due to a larger 
amount of lipoids in the sarcoma as compared with the normal organs. Adsorption 
of the immune serum with alcoholic extracts of normal organs removed the ability 
to react with those organs but left the ability to react with carcinomatous and 
sarcomatous extracts. Adsorption with carcinomatous extracts left only the 
reactivity with sarcomatous tissues. All antibody functions were removed by 
adsorption with sarcomatous extracts. The relation between sarcomatous and 
carcinomatous antigenic functions appears closer than that between the antigenic 
functions of sarcomatous and normal organs, with the exception of the spleen. 
The quality of the sarcoma immune serum depends more on the properties of 
the antigen than on the animal used for the injection. j Davidsohn. 


Demonstration of Antibodies Against Malignant Tumors in Blood. 
Hans J. Fuchs, M. V. Falkenhausen and W. K. Devrient, Ztschr. f. 
Immunitatsforsch. u. exper. Therap. 78:272, 1933. 

Fuchs has worked out a test for malignancy which is based on determination 
of the nonprotein nitrogen in a mixture of the fibrin or of a specially prepared 
precipitate of the serum of patients with malignant tumors with the serum of 
normal persons, and vice versa. The fibrin and serum of affected persons xmy 
contain an antigenic substance specific for malignant growths, or antibodies directed 
against the tumor antigen. The presence or absence of such antibodies is determined 
by the phase of the disease and by the immunity responses of the body. Thus, a 
mixture of the serums of two carcinomatous patients ma 3 ’’ show a decrease of the 
nonprotein nitrogen, indicating a positive reaction, if the patients are at the time 
in different phases of the disease, or no such change if both are in the same 
phase. The method can also be used for the study of other diseases in which 
antibodies are produced. j_ Davidsohn. 

Malignant Giant Cell Tumor of Bone. W. I. Korchow, Ztschr. f. Krebs- 
forsch. 38:380, 1933. 

The author gives a detailed description of a case of so-called giant cell sarcoma 
of the tibia, with ultimate death. There were numerous metastascs, both local 
and generalized. In these metastases there was complete absence of the giant 
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cells, except in some oi the tumors in the skin close to the original growth. The 
structure was that of malignant development of tlie tumor stroma. Korchow, in 
common with most recent writers on these tumors, regards the primary giant cell 
growth as dystrophic rather than neoplastic, with, in such cases as that discussed 
here, a secondary and superposed malignant alteration. Eggers. 

Qvrcixoma of the Alimentary Tract at Early Ages. G. Wolff, Ztschr. 

f. Krebsforsch. 38:409, 1933. 

Wolff bases his rather elaborate study of the incidence and course of carcinoma 
of the alimentary tract at relatively early ages both on cases seen at the clinic 
of Freiburg University and on those reported in the literature. He finds that pre- 
cocious cancers occur with special frequency in this location (in about 69 per cent 
of cases). The upper part of the tract, from the mouth to the stomach, is rarely 
involved primarily. The growths occur in the stomach with frequencj', about 25 
per cent of such carcinomas being primary here; they originate in the intestine, 
exclusive of the rectum, in from 10 to 15 per cent of the cases, and in the rectum 
tlie frequency of primary involvement is about the same as in the stomach, or 
25 per cent. As to the accessory organs, primary cancer of the liver, always 
rare, occurs with rather surprising frequenej' in young persons, about 4.5 per cent 
of all carcinomas in children originating here. Precocious cancer is rare in the 
gallbladder and pancreas. There are no apparent differences in sex incidence, 
nor do such cancers show any definite peculiarities of course, except that in Wolff’s 
experience the course appears to be somewhat accelerated. The etiology is dis- 
cussed principally in terms of Virchow’s irritation theory versus that of displace- 
ment as advocated by Cohnheim and Kibbert. pj jr Eggers. 

Reliability of Statistics on Cancer. A. E. Sitsen, Ztschr. f. Krebsforsch. 
38:639, 1933. 

In this critical discussion of the value of statistics on cancer, Sitsen divides 
them into three classes as regards source: (1) those drawn from autopsy reports 
of various pathologic institutions, (2) those from mortality reports, and (3) those 
from reports based on clinical findings. As regards the first, their evidence is as 
a rule accurate, but their availability for general conclusions is affected by the 
limited character of the clientele of the institutions and by the fact that, particularly 
in the charitable institutions, the types of cases vary with the interests of the 
responsible members of the staffs and with the general effectiveness of treatment, 
since with fewer deaths from other diseases those from cancer will show a 
corresponding increase. Statistics on mortality are of general application but are 
open to the patent objection of questionable diagnosis — a factor which cannot be 
evaluated even approximately. With statistics from clinical sources there is even 
greater liability to error through inaccurate diagnosis, but they have the great 
advantage of giving information as to current cases rather than as to those that 
have terminated in death. In Austria a systematic effort is being made to collect 
information of this sort comprehensiveh’ and without reduplication. No statistics 
on cancer from a single source are satisfactorily accurate, but the errors lie not 
in the methods of collection but in their execution. Ideal use of all three sources 
is attainable, as is indicated in the collection of statistics in the Dutch East Indies 
by Snijder and Straub; they have, for their district, reports of complete physical 
examinations of the entire population, and over 90 per cent of patients who die 
come to autops}\ Such results can be achieved generally only by education of the 
populace to the fundamental importance of routine autopsies, g Eggers 

WH.A.T Should Be Meant b\' the Term “Prec.'ixcer” ? H. T, Deelmann, 

Ztschr. f. Krebsforsch. 38:648, 1933. 

The term “precancer,” widely used by clinicians, is according to Deelmann 
objectionable since it is used to include conditions in which cancer is only a 
probability or even only a possibility. To the pathologist the word should convey 
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a definite significance— that of the local “unrest” of cellular elements which so 

frequently precedes the infiltrative growth that constitutes developed cancer. 

Changes of this sort are not infrequently seen most t}'pically at the margins of 

carcinomas and appear there to indicate a radial transmission of cancerous activity 

to cells originally not involved. Disordered and evidently excessive epithelial 

growth of this type, as yet without actual infiltration, certainly is not cancer, but 

as indicating a change immediatel}' precedent to infiltrative growth it is precancerous 

in the strictest sense. „ 

H. E. Eggers. 

Medicolegal Pathology 

Tests for M and N Blood Groups. W. Crome, Deutsche Ztschr. f. d. ges. 
gerichtl. Med. 21:435, 1933. 

The tests should be made by persons skilled in serologic technic. The results 
of 3,800 serologic observations are recorded. The simultaneous absence of M 
and N factors was never observed. Of the entire series, 19.6 per cent belonged 
to group N, 30.8 per cent to group M and 49.6 per cent to group M N. Accord- 
ing to the four group scheme, there were 39.7 per cent in group O, 47.7 per cent 
in group A, 9.6 per cent in group B and 3.5 per cent in group A B. A study of 
heredity in 32 families with 82 children showed that the mendelian laws were 
strictly followed. Four pairs of monozygotic twins had the same blood group. 
In a series of 46 paternity tests, 3 persons were excluded as possible fathers on 
the basis of the M and N groupings. Jacob Klein. 


Pentamethyleneteteazol Poisoning. A. Esser and A. Kuhn, Deutsche 
Ztschr. f. d. ges. gerichtl. Med. 21:474, 1933. 

A 22 year old man died one hour after drinking 100 cc. of a 10 per cent solu- 
tion of pentamethylenetetrazol with suicidal intent. Clinically there was observed 
a state of excitation and convulsions simulating jacksonian epilepsy. Macro- 
scopically the viscera appeared normal. Microscopically there were marked 
hyperemia of all the organs, cloudy swelling of the liver and kidneys, a great 
decrease in the suprarenal lipoids, fatty changes in the liver and fragmentation 
and fatty changes in the myocardium. Animals experimentally poisoned showed 
similar changes. Pentamethylenetetrazol could be demonstrated in all parts of the 
body and in its fluids. One third of the ingested amount was recovered from the 
tissues. Experiments demonstrated that this substance could be recognized even 
in putrefying organs. The drug is absorbed chiefly from the stomach and 
excreted mainly through the kidneys. The pharmacologic views as to the fleeting 
action of pentamethylenetetrazol do not hold for the toxic dose. Animals receiving 
slightly toxic doses have shown effects after twenty-four hours. Some have 
apparently recovered onlj’- to die after several days. It is estimated that the 
minimum lethal dose is 7.8 Gm. of pure pentamethylenetetrazol for an adult human 
being weighing 65 Kg. j^^ob Klein. 


Characteristic Skin Markings After Falling into the Water from a 
Height. Gyula Balazs, Deutsche Ztschr. f. d. ges. gerichtl. Med. 21:515, 
1933. 

Persons who have jumped into the water from a bridge (10 meters high) 
and have been saved have shown characteristic anemic areas on the skin in the 
area which hit the surface of the w'ater. These anemic regions, and even 
hematomas, occur most commonly over the thigh and gluteal region, particularly 
over the femur and the obturator foramen, and result from pressure of the tissues 
against the bony framework. After twenty-four hours the cutaneous changes 
begin to diminish, and they disappear after from three to four days unless there 
is a hematoma. The markings have been seen in 15 of 250 cases. They indicate 
a vital reaction on falling into water from a height and may give an indication as 
to the position of the bodj" when it hit the water. ' Jacob Klein. 



Society Transactions 


PATHOLOGICAL SOCIETY OF EASTERN NfeW YORK 
Arthur W. Wright, Secretary 
Regular Meeting, April 7 , 1933 
F. F. Harrison, Presiding 

Fatal Erythroblastic Anemia. V. C. Jacobsen. 

An Italian boy, 3 years of age, had had enlargement of the spleen and liver 
for two years. The spleen filled the entire left side of the abdomen and extended 
down into the pelvis. There was weakness. The hemoglobin was 40 per cent: 
the erythrocyte count, 2,800,000 ; the leukocyte count, 22,600, with 73 per cent poly- 
morphonuclears, 20 per cent lymphocytes and 7 per cent myelocytes. Fifty nucleated 
red blood cells were seen. There was slight persistent fever. The treatment con- 
sisted of blood transfusion, application of 800 milligram-hours of radium and later 
administration of liver e.xtract no. 55. 

After eight months the spleen was still greatly enlarged. The hemoglobin was 
28 per cent. The erythrocyte count was 2,400,000; the leukocj'te count, 16,600, 
with 25 per cent polymorphonuclears, 2 per cent basophils, 40 per cent lymphocytes, 
17 per cent monocytes and 16 per cent myelocytes. Sixteen nucleated red blood 
cells and 30 reticulocytes were seen. Liver extract was given intravcnousl}*, with- 
out improvement. Death occurred from a respiratory infection. 

At necropsy, the abdomen was distended and prominent while the remainder of 
the body showed marked emaciation. The mesenteric lymph nodes were large and 
pale. The spleen weighed 450 Gm. and occupied the entire left side of the abdomen. 
The surface showed hyaline capsulitis. The organ was firm, rather rectangular 
and brickish red. Sections showed a firm, grayish-red, bulging, finely granular 
pulp. The lymphoid tissue was indistinct. The liver weighed 940 Gm. and was 
pale chocolate-brown. Section revealed a pale parenchyma containing numerous 
small foci of necrosis. The kidneys were of normal size and extremely pale except 
for a few petechial hemorrhages. The muscles were pale grayish red and thin. 
The bone marrow of the ribs was small in amount and pale. The vertebral marrow 
was dry and congested, with a few pale areas scattered throughout. The marrow 
of the ilium was congested and apparentlj' more cellular than usual. 

Microscopic examination of the spleen showed obliteration of many sinuses and 
atrophy of the follicles. Many foci of mononuclear cells of myeloblast and erythro- 
blast types were present with eosinophilic myelocytes and mature polymorpho- 
nuclears in small numbers. Megakaryocytes were numerous, as well as large cells 
resembling the Dorothy Reed cells of Hodgkin’s disease, ^^ery little hemosiderin 
was found. In the liver, foci of acute hyaline necrosis with invasion by polymorpho- 
nuclears were present. Much hemosiderin was found in both hepatic and Kupft'er 
cells. The kidneys were edematous, and there was an increased amount of lipoids 
in the cortical tubules. The bone marrow from whatever location was very cellular, 
with marked hyperplasia of the erythrogenic centers. Many myeloblasts and 
erythroblasts of large and small types were present, as were polymorphonuclears 
of all stages and many eosinophils and megakaryocytes. There was no phagocj'tosis 
of erythrocytes, and hemosiderin was not observed. Bone trabeculae were abundant 
and normal. 

The clinical and postmortem observations were typical of a type of blood 
dyscrasia seen in childhood and known as erythroblastic anemia. Many of the cases 
reported have occurred in the Mediterranean races, as’ did this case. 
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Sarcoma of the Choroid. Stephen H. Curtis. 

A woman, 62 years of age, first noticed in October, 1931, that the sight of her 
right eye was failing. Gradually she began to suffer severe pain in this eye, the 
pain being more severe at night. The conjunctiva of the eye was injected and the 
orbit protruded slightly. 

Physical_ examination of the eye showed moderate exophthalmos, mild acute 
conjunctivitis, increased intra-ocular tension and paralysis of the pupil. The 
ophthalmoscope revealed a dark red mass protruding from the retina medial to 
the optic nerve. The retina about the tumor was detached. 

The eye was enucleated in January, 1932. Externally it showed nothing of 
note. On section a firm, pedunculated, cauliflower-like mass, 1 cm. in diameter, 
was found projecting from the retina near but not involving the optic nerve. Cut 
surfaces of the mass were pearly gray, smooth and glistening. 

Microscopically, the tumor was composed of two types of cells, which were 
probably variants of a parent cell. One type was long, spindle-shaped and afibrillar, 
with oval, pale-staining nuclei. The other was large, round or polyhedral, with 
abundant cytoplasm and large, pale, often cystic nuclei. Moderate numbers of the 
cells of both types contained melanin. No neurofibrils or rosettes could be found. 
Mitoses were absent. Stroma was not abundant. 

This tumor presented the characteristics of a nonpigmented or at most very 
slightly pigmented melanosarcoma of the choroid. By some pathologists, however, 
the tumor was thought to be a neurogenic sarcoma of the retina. The evidence, 
both clinical and pathologic, favors the former diagnosis. 

Unusual Lipoid Change in an Ovarian Fibroma. Ellis Kellert. 

A woman, 43 years old, unmarried, had had pelvic pain, backache and abdominal 
enlargement for nine months. Both the tubes and the ovaries were removed. One 
tube was attached to a parovarian cyst 7.5 by 5 by 3 cm. in size. The opposite 
ovary was replaced by a tumor 13 cm. in diameter. The serosa was smooth, gray 
and traversed by many prominent blood vessels. On section there was found a 
yellowish, solid tumor containing a single large and several small cavities, which 
were empty and collapsed. To their linings were attached shaggy fibrinous masses 
of clot and a small amount of grayish-yellow amorphous material. The thick, 
solid portion of the growth was at the attached margin of the ovary. Its cut 
surface was rough, fibrous and bright jmllow. 

Microscopic sections showed interlacing bands of spindle-shaped cells containing 
short, oval, deeply staining nuclei and resembling ovarian stroma. There were 
no mitoses. The intercellular substance was variable in amount and, where 
abundant, was associated with an enormous number of fat globules, which varied 
greatly in size and were found both within and between the cells. There were no 
distinct adipose cells. In sections where the fat had been dissolved with chloroform, 
only a cribriform connective tissue network containing many of the oval nuclei 
was seen. 

On prolonged immersion of the tissue in solution of formaldehyde the yellow 
color faded and became gray. The changes observed were probably degenerative 
and were perhaps due to circulatory disturbances. 

Meni.ngio.ma of the Left Cerebral Hemisphere. Ellis Kellert. 

A woman, aged 40, had had severe intermittent headaches and occasional con- 
vulsions for four years. Recently Jacksonian epilepsy developed with twitching of 
the right side of the body and of the face. The right hand was weak, and sight 
was poor in the right eye. When speaking, the patient would frequently hesitate 
because she could not find the right word. A clinical diagnosis of tumor of the 
right hemisphere was made. 

The brain weighed 1,440 Gm. In the left frontoparietal region there was_ a 
globular tumor, 7 cm. in diameter, attached to the dura and pushing into the brain. 
During the handling of the brain the tumor enucleated spontaneously. It was 
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encapsulated and on section appeared grayish white and solid with granular cut 
surfaces. Sections showed a very cellular growth consisting of spindle-shaped cells 
of fairly uniform size, having a whorl-like arrangement. Mitotic figures were 
not found. A diagnosis of meningioma was made. 

A lilixED Tumor of the Urinary Bladder. G. H. Klinck, Jr. 

A white girl, 16 years of age, had been having increasing difficulty in voiding 
for several months. She discovered that if she inserted her finger into the urethra 
she could void. Cystoscopic examination showed a soft, pedunculated tumor, the 
size of an orange, attached just within the orifice of the right ureter. The tumor 
was removed by suprapubic cystotomy. It was a soft, globular mass about 7 cm. 
in diameter. The surface was slightly uneven, some areas being smooth and pale, 
others slightly roughened and congested. There was a very delicate and easily 
broken capsuie. The pedicle measured 6 mm. in lengtii and 3 mm. in diameter. 
Section revealed soft, myxomatous, semitransluccnt tissue with slightly opaque foci. 
Microscopically, the tissue was largely myxoma but with coarse strands of fibrous 
tissue. Sections from the surface showed acute inflammation. A diagnosis of 
fibromyxoma was made. 

The patient was entirely well for a year; then hematuria developed. A tumor 
was found within the bladder at the site of the suprapubic incision. It was irreg- 
ularly distributed along the line of the old incision. This area, including the 
tumor, was removed, the mass being approximately 30 cc. in volume. Grossly, the 
tissue resembled the original tumor. Nine hundred and fifty milligram-hours of 
radium were applied to the edges of the new suprapubic incision before closing 
the wound. 

Microscopic study showed a myxomatous growth like that found previously 
but containing, in addition, small islands of cartilage and numerous striated and 
smooth muscle fibers. It is probable that both cartilage and muscle were present 
in the original tumor but were not found in the sections made. 

Two months after the second operation, a recurrence appeared in the healed 
wound of the cystotomy. The right ureter was normal. When the patient was 
last seen, six months after the final operation, there was an increase in the size 
of the midline growth. A biopsy showed all of the features previously described. 

The tumor was a teratoma, although onlj" mesodermic elements were present, 
namely, striated and smooth muscle, myxomatous connective tissue and cartilage. 
It was not histologically malignant, but recurrences developed probably on the 
basis of cells left behind at the various operations and also seeded along the 
operative incisions. 
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Wilhelm Conrad Rdntgen and ’the Early History of the Roentgen Ray. 
By Otto Glasser, Ph.D., Director, Radiation Research Department, Cleveland 
Clinic. With a chapter on personal reminiscences of W. C. Rontgen, by 
Margaret Boveri (Berlin). Price, $6. Pp. 496, with 96 illustrations. Spring- 
field, 111. : Charles C. Thomas, Publisher, 1934. 

_ This book is a translation with corrections and revisions of the original German 
edition of 1931, which was well received. It is the product of the cooperation of 
three publishers, Julius Springer of Berlin, Charles C. Thomas of Springfield, 111., 
and John Bale, Sons and Danielsson, Ltd., of London. The book is printed by 
the last named firm. The paper is heavy and highly glazed, which is unfortunate. 
The first four chapters describe vividly the details of the discovery in 1895 of 
the roentgen rays, the circumstances of its announcement and the first reception. 
The biographic interest of the book centers in the fifth chapter (147 pages). The 
first part of this chapter portrays well the life and intellect of Wilhelm Conrad 
Rontgen. The second part contains personal reminiscences of Rontgen by Margaret 
Boveri, the daughter of Boveri the zoologist, who was Rontgen’s colleague in 
Wurzburg and probably his most intimate friend. These interesting reminiscences 
touch on Rontgen’s ymuth and student life, his friends, the war, science, art and 
his last years. In this chapter are scattered many letters, some in facsimile, which 
give intimate contact, as it were, with a great personality. The reading of this 
most interesting chapter leaves the impression that it is a worthy account, sympa- 
thetic but truthful, of the life and character of Rontgen. Two quotations may be 
permitted by way of illustration: 

“The salient feature of Rdntgen’s work . . , was his persistence and his 
critical honesty in making observations and measurements. He approached the 
solution of physical problems with great acuity and relentless thoroughness. Over 
and over again he worked out new control experiments in order to convince him- 
self thoroughly of the absolute accuracy of the results which he had obtained, and 
with great scepticism he always warned against accepting any hypothesis which 
was not based upon sound experimental evidence. Therefore the results of his 
work which were published in his papers are distinguished by a rare reliability 
combined with remarkable classical brevity and simplicity.” fGlasser, p. 74.] 
“Perhaps Rontgen’s most outstanding characteristic was his absolute integrity. 
Integrity in science, integrity in judging people even though appearances were 
deceiving, and integrity in faithful devotion to his friends though their opinions 
might be at variance. True, there were sometimes hardness and gruff ness towards 
strangers and sometimes sudden anger toward those close to him, but these moments 
were overbalanced by the continuous warmth of his kindliness and readiness to help, 
which ever again broke through the shy exterior and produced a deep and rare 
sense of security and confidence.” [Margaret Boveri, p. 196.] 

The remaining chapters are concerned with the various aspects of the early 
history of the roentgen rays and their applications. Chapter 23, the bibliography, 
gives a list of articles about Rontgen and lists of books, pamphlets and papers-— 
1,044 separate items — on the roentgen rays, published in 1896. Glasser’s book is 
a noteworthy addition to the history of science. The ninety-six illustrations add 
greatly to the value and interest of the presentation. In its special field it will 
be a great landmark and a source of information for all students of the roentgen 
rays and their discoverer. 

Die Spezifizitat der serologischen Reaktionen. By K. Landsteiner. Price, 
8.80 marks. Pp. 123, with 22 tables and 1 illustration. Berlin : Julius Springer, 
1933. 

Since 1875, when Landois first studied normal hemagglutinins, attempts to answer 
the question of the nature of antigens and antibodies have_ been so numerous that 
it is becoming more and more difficult for the student of immunology to separate 
the good from the valueless. To those who are trying with varying success to 
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keep up with the ever increasing avalanche of publications in this field, Landsteiner’s 
monograph will be a welcome summary. Some long and particularly important 
chapters of books on modern immunology are the work of Landstciner. No wonder 
that the book impresses one like a condensate of Landsteiner’s life-work ! His 
work serves as a background against which the important contributions of others 
are projected after they have been subjected to his critical evaluation. 

The amount of information crowded into 95 pages of text shows marked ability 
to make every word count. This brevity and precision are laudable, and may be 
construed as an expression of his confidence in his readers. The value of the book 
is further enhanced by lucidity in the presentation of the material, none of which 
has been sacrificed for the sake of compactness. The reviewer does not recall having 
read an equally clear presentation of certain particularly complicated aspects of the 
chemistry of antigens. 

The book is divided into six chapters. An analysis of the concept of serologic 
specificity is given in the introduction. The second chapter deals with the serologic 
specificity of proteins and with the effect of artificially produced chemical changes 
in the antigen. In the following chapter the specificity of cell antigens is presented, 
and the methods of differentiating between closely related species by means of 
cross-absorpti6n are described. The iso-antibodies, the dissociation of bacteria, the 
heterophilic reactions, the lipoidal and carbohydrate haptens, the hypothetic struc- 
ture of antigenic fractions of the cells and the serologic differentiations of indivi- 
duals and species are also discussed. Then comes a chapter on the specificity of 
normal and immune antibodies. The degree of concentration in this chapter of 
7 pages, with a bibliography of 97 references, may be illustrated by the fact that 
Ehrlich’s hypothesis of the side chain is disposed of in a paragraph of 11 lines, 
and by the fact that only 30 lines are needed to give a clear presentation of the 
hypothesis of the origin of antibodies directly from the antigens. Chapter 5 is an 
admirable presentation of the serologic reactions with artificial complex antigens 
and simple chemical substances. While the book is not intended for the beginner, 
this particular chapter impresses the reviewer as a clear introduction to one of the 
most difficult branches of immunology'. The last chapter summarizes the recent 
contributions to the present knowledge of specific substances of the cell, and is 
particularly concerned with the antigenic properties of carbohydrates and lipoids. 
The bibliography includes 966 references, each of which is considered in the text, 
and, in addition, a list of standard texts and monographs. The titles of 42 articles 
which appeared while the book was being printed are appended. The results of 
the author’s recent and previously unpublished investigations are included, as, for 
exarnple, a study of the distribution of the Forssman antigen (page 45) and an 
application of the azoprotein method to aliphatic compounds (page 83) and to 
peptides (page 85). 

Le poison des amanites mortelles. By R. Dujarric de la Riviere. Price, 
60 francs. Pp. 182, with 24 plates. Paris ; Masson et Cie, 1933. 

In the introduction the author discusses the history of poisonous fungi. Then 
follow chapters on the botanical description of Amanita phalloides and related 
forms ; on the chernistry of the toxic principle ; on the physiologic action of the 
poison; on the clinical phenomena and the structural changes following Amanita 
poisoning; on the medicolegal problems of poisonous fungi, including the detec- 
tion of various fungi of this kind by study of the spores ; on treatment and on 
prophylaxis, with particular reference to the conditions in France. There are 
twenty-four plates, four of which are in colors. At the end is a bibliography of 
some 500 references. The American literature receives adequate consideration. 
The monograph gives a thorough review of the present knowledge of poisoning 
by the “deadly Amanita.” 



Books Received 


Annual Report of the Surgeon General of the Public Health 
Service of the United States for the Fiscal Year 1933. Price, 75 cents. 
Pp. 128. Washington : United States Government Printing Office, 1933. 

Annals of the Pickett-Thomson Research Laboratory. Volume IX. 
Influenza (Part 1), with Special Reference to the Part Played by 
Pfeiffer’s Bacillus, Streptococci, Pneumococci, etc., and the Virus 
Theory. D. and R. Thomson. Price, $8. Pp. 640, illustrated. Baltimore: 
Williams & Wilkins Company, 1933. 

This is the first part of a huge monograph in two parts on influenza. The object 
is to summarize in convenient form the information in some four thousand publica- 
tions on this disease. The present volume deals with the history, the clinical 
features and the epidemiology of influenza, but the greater part of it is devoted to 
the results of the investigations of the etiology. The literature on the relationship 
to influenza of Pfeiffer’s bacillus, streptococci, pneumococci and other bacteria as 
well as of filter-passing “virus” is reviewed. The authors give an account of their 
own bacteriologic work on influenza which is illustrated with twenty-eight plates 
of photographs. The second part will deal “with the bacteriology of the complica- 
tions of influenza as well as with the pathology, the treatment, and prevention of 
the disease,” after which will follow “the vast bibliography of over 4000 references, 
as well as a very complete authors and subject index.” Obviously the full scope 
and merits of the monograph will not become apparent until the second part is 
published. 

Laboratory Medicine: A Guide for Students and Practitioners. 
Daniel Nicholson, M.D., Member of the Royal College of Physicians, London; 
Assistant Professor of Pathology, University of Manitoba; Assistant in Pathologj^ 
Winnipeg General Hospital, Winnipeg, Canada. Edition 2, thoroughly revised and 
much enlarged. Price, $6.50. Pp. 566, with 124 engravings and 3 colored plates. 
Philadelphia : Lea & Febiger, 1934. 

The first edition appeared in 1930 and was reviewed in the Archives (11:168, 
1931). The second edition is an improvement on the first, and it presents well the 
indications, methods and interpretations of the diagnostic laborator}-^ tests most 
suitable for current use in medical practice. 
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of a given substance. (A further critique of this method is to be found 
in an article by Marchand.") 

In the second and more recent group of experiments a different 
criterion was used, namely, whether cells moved toward or away from 
the substance to be tested or whether they moved indifferently. These 
observations were made directly with the microscope. 

Thus Commandon observed and recorded cinematographically the 
attraction of leukocytes by certain parasites in the blood and by grains 
of starch.' Fenn ® observed that leukocytes were attracted by particles 
of manganese dioxide but not by quartz. 

Jochims “ studied the reactions of leukocytes to solutions diffusing 
through a collodion membrane and found them to react positively to 
certain solutions and negatively to others. Schade and Mayr^® made 
serial photographic records of cells moving toward dried drops of pus 
and drops of paraffin containing turpentine. With the same method, 
Schulz observed that leukoc 3 'tes were attracted b_v certain bacteria and 
their products, “ and Rosegger reported the attraction in vitro of horse 
eosinophils by bits of pai'asitic worms. 

Such direct observations on the direction of locomotion possess a 
great advantage over the older capillary tube method in that passive 
transportation of leukocytes (by convection currents) can be excluded; 
it may actually be seen whether the cell is moving by its own ameboid 
motion. However, it seems to us that such observations would gain in 
dependability and significance if the factor of random locomotion were 
controlled. The fact that a cell moves toward an object does not 
inevitably mean that the cell is attracted by it. We have observed 
leukocytes travel as far as 250 microns in a fairly straight line even 
in the absence of any known source of attraction. 

Therefore, in the experiments reported here we sought to control 
the factor of random locomotion. This was done by counting the num- 
ber of polymorphonuclear leukocj'^tes that in unit time made contact 
with the attracting body ; this figure was compared with the number of 
cells that made contact with an imaginary body of the same size and 
shape located in another part of the preparation. 

5. Marchand, F., in Krehl, L., and Marchand, F. : Handbuch der allgemeinen 
Pathologic, Leipzig, S. Hirzel, 1924, vol. 4, pt. 1, p. 336. 

6. Commandon, J.: Compt. rend. Soc. de biol. 80:314. 1917. 

7. Commandon, J.: Compt. rend. Soc. de biol. 82:1171, 1919. 

8. Fenn, W. O. : J. Gen. Physiol. 5:311, 1923. 

9. Jochims, J.: Arch. f. d. ges. Physiol. 216:611, 1927. 

10. Schade, H., and Mayr, K.: Krankheitsforschung 8:354, 1930. 

11. Schulz, E. : Ztschr. f. d. ges. exper. Med. 84:609. 1932. 

12. Kosegger, H.: Ztschr. f. d. ges. exper. Med. 85:712. 1932. 
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By this method we sought to answer the questions of whether cells 
are attracted by certain bodies or only accidentally make contact with 
them, and whether the accumulation of leukocytes about certain iDodies 
is due to chemotropism or to the trapping of cells which have been 
moving at random. 


EXPERIMENTS 

In the first series of experiments the attracting body consisted of 
a mass of dead (dried) leukocytes. This material was selected because 
in earlier (unpublished) work we had repeatedly observed that leuko- 
cytes frequently move toward, and make contact with, dead or immobile 
leukocytes accidentally present in the preparation. It seemed likely, 
therefore, that a clump of immobile leukocytes would strongly attract 
moving ones. 

The attractive power of dead cells was tested by a modification of 
a simple method previously' used for measuring the rate of locomotion 
of leukocytes.^^ Human blood was centrifugated, and from the bufify 
coat a minute drop of leukocytes was transferred to an ordinary glass 
slide. It was allowed to dry for several hours, and a flat body was 
obtained, about 400 microns in diameter. A drop of fresh blood from 
the same person was placed on a coverslip, lowered on the slide and 
allowed to spread in such a wa}" that the clump of dried cells lay in the 
middle of the preparation. After the preparation was sealed with 
petrolatum, it was placed in the warm box at 37 C. We waited half 
an hour to allow the cells to develop normal locomotion. The clump 
of dried leukocytes was brought into the microscopic field and placed 
at the periphery. The image of the field was projected onto a piece 
of paper by a drawing ocular, as previously described,^'* and the position 
of each leukocyte was recorded at intervals of approximately one minute. 
In half an hour a record was obtained such as is shown in figure 1. Of 
the 9 cells that came into the field. 5 made contact with the mass of dried 
leukocytes, 3 moved out of the field and the remaining cell moved at 
random in the field. (Part of the path of this cell [2] has been omitted 
to avoid confusion.) It will further be observed that of the cells that 
made contact with the dried leukoc3'^tes, 1 , 6 and 7 did so only after 
previous random movement. The impression gained from this experi- 
ment is that the leukocytes were attracted by the dried cells, but only 
weakly and from no great distance. 

As a control experiment we determined the number of chance con- 
tacts made by cells wandering at random. For this purpose we drew 
on a fresh sheet of paper an imaginarjf attracting bod}^ of the same 
size and shape as the real one, and a field picked at random was projected 

13. A foreign body acts as a trap ; cells coming in contact with it remain in 
the interface between the foreign body and the blood for a shorter or a longer time. 

14. McCutcheon, AL: Am. J. Physiol. 69:279, 1924. 
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Fig. 1. — Camera lucida record of the paths of the 9 leukocj'tes that were seen in 
half an hour in a field containing a mass of dried leukocytes (shaded area). The 
dots represent the position of the leukocytes at intervals of approximately one 
minute. It is seen that during this time 5 of the cells {1, 3, 6, 7 and 9) made con- 
tact with the attracting body while the remaining 4 did not. 



Fig. 2.— The attracting body is imaginar 3 % Only 1 cell (5) made contact with 
it in half an hour; the locomotion of the cells was at random. 
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on it. The paths of leukocytes wefe recorded for half an hour, as 
shown in figure 2. It is seen that the paths are at random. (In several 
instances the complete path is not shown, in order to avoid confusion.) 

Since it was found that cells coming into contact with the mass of 
dried leukocytes were usually trapped by it, cells “making contact” with 
the imaginary attracting body were treated as if trapped by it, and their 
further path disregarded. Thus, no cells were counted as making more 
than one contact with either the real or the imaginary attracting body. 
Any leukocytes that happened to be within the imaginary body were 
not counted. This procedure has the same effect as putting in the con- 
trol field an actual object that exerted no chemotropic effect but that 
could trap leukocytes.^"’ 

In figure 2 it is seen that during the half hour 1 cell “came in con- 
tact” with the imaginaiw attracting body, as contrasted with 5 cells 
which made contact with the real attracting body. The procedure was 
then repeated both with the real and with the imaginary attracting body, 
so that at the end of the experiment the number of cells that had made 
contact with each in one hour was known. In the present experiment 
these numbers were respectively 6 and 1. 

It is, however, not possible to draw any significant conclusion from 
one such experiment, since the number of cells is small and the differ- 
ence in number of contacts might be obtained by chance. Therefore, 
the experiment was repeated a number of times. 

In table 1 are summarized the results of ten such experiments. It 
is seen that in each experiment more cells made contact with the real 
than with the imaginary attracting body. The respective numbers for 
the entire series are 100 and 20, that is, five times as many cells made 
contact with the dried leukocytes as Avith the imaginaiw body in the 
control. In all, 202 cells Avere observed in the fields containing the real 
attracting body, of AAdiich 100, or 50 per cent, made contact. In the 
control fields, 170 cells Avere obserAwd. of AA’hich 20, or 12 per cent, 
made contact.^® 


15. The validity of this method depends on the fact that the field in the control 
experiment is chosen at random and a sufficiently large number of experiments 
made. 

16. If correction were made for the difference in the number of cells in those 
fields containing dried leukocA^tes and in the control fields, the ratio of contacts in 
the two cases Avould be about 4 : 1 instead of 5:1 as giA’en. But in later experi- 
ments, counts of the number of cells in different areas, made immediately after the 
preparation Avas placed in the warm box and before any migration occurred, shoAved 
the same number of cells near the attracting bodj’- as in distant fields. It therefore 
seems likely that in the present experiments the reason for the unequal distribu- 
tion of cells AA'as that more cells Avandered from adjacent regions into the area con- 
taining the dried leukocytes than into the area containing the imaginarj* attracting 
body. In this case, therefore, no correction in the ratio is necessary. 
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We conclude from these results that leukocytes were definitely 
attracted by dried cells. 

But before any significance can be attached to this result, the ques- 
tion must be answered as to whether the attraction was due to the dried 
cells in particular or whether any other solid material would have 
attracted the leukocytes as well. 

Accordingly, in another series of experiments, instead of dried 
leukocytes we used such relatively inert and insoluble material as a 

Table 1. — Results of First Scries of Experiments'^ 


Xumber of Cells Making Contact ivith 

A 


E.xperiment 

Mass of Dried 
Leukocytes 

Imaginary 

Body 

1 

... 6 


9 

9 

2 

3 

11 

4 

4 

IS 



... 4 

0 

6 

IS 

3 



2 

S 

31 

2 

9 

... IS 

2 

10 

10 

s 

Tofinl liits 

100 

20 

Celis making contact per hour 

10 

2 


* In each experiment tlie number of oells was counted that made contact with a mass of 
dried leukocytes in one hour (in experiment 3, seventy minutes), and compared with the 
number making contact icitli an imaginary body of the same size and shape in the same 
period of time. On the average, five times as many cells made contact with the dried 
leukocytes as with the imaginary body. 

minute drop of paraffin wax, a bit of glass coverslip or a fine glass 
thread. Records were made showing the number of cells making con- 
tact with such an inert body and with an imaginary body of the same 
size. 

In table 2 are summarized the results of twelve such experiments. 
Since not enough experiments have been made with different bodies 
to distinguish between them, they have been grouped together. It is 
seen that an average number of 6.6 cells per hour made contact with the 
actual body and 2.4 cells per hour with the imaginary body. This 
difference indicates that there is still an attractive force, though not as 
great as was exerted by the dried leukocytes. 

Thus we have the result that comparatively insoluble substances 
sometimes definitely attract leukocytes. Similar observations have been 
made by others. Marchand ■’ reported that leukocytes are attracted 
by fibrin ; Philipsborn ^ saw them attracted by threads. Metchnikoff 
found that amebocytes and leukocytes of various invertebrates collect 
around supposedly inert foreign bodies. Shaeffer reported that amebas 

17. yietchnikoff, E. ; Comparative Pathology of Inflammation, London, Kegan 

Paul, Trench, Triibner & Co., 1893. 

18. Shaeffer, A. A.: Biol. Bull. 31:303, 1916 
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T.\ele 2. — RcsiiHs of Second Series of E.rpcriiiieiits^ 


y'lniiber of Cells 

Making Contact with 

Paraffin 

Imaginary Body 

4 

0 

1 

3 

1 

0 

10 

1 

12 

4 

4 

3 

10 

o 

Glass 

0 

2 

11 

0 

17 

9 

2 

1 

Tiber 

i 

2 



— 

Total hits... 79 


Cells making contact per hour 6.6 

2.4 


* In each of fwdve experiment?, the nvmiher of cells mahinB contact with a foreign hody 
in one hour is compared with the number making contact with an imaginary body of the 
same size and shape in the same period of time. Combining the experiments, the ratio is 
about 2.7 : 1. 



Fig. 3. M hen tlie attracting bodt‘ (shaded area) tvas composed of staphylo- 
cocci. all the leukoc\-tes advanced in nearly a straight line toward it. In half an 
hour 17 cells made contact. 
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thrust out pseudopods toward particles of glass and carbon from 60 to 
100 microns distant. 

The mechanism of such attraction is not known. In our experiments 
the following possibilities are suggested; 1. In some of the experiments 
the bodies may have been contaminated with a chemotropic substance. 
2. Leukocytes making chance contact with the bodies were trapped and 
may have given oflf chemotropic substances. 3. The observation by 
Schulz, “ that charcoal may take up a chemotropic substance from the 
medium and then attract cells, suggests the possibility of a similar 
mechanism in our experiments. 4. The bodies may have been suffi- 
ciently soluble to be themselves chemotropic. 

The attractive force exerted by all the substances studied — glass and 
paraffin as well as dried leukocytes — seems to be quite definite, though 
certainly weak. For comparison with a strong chemotropic source, we 
present figure 3, in which the attracting body was a clump of Staphylo- 
coccus albus. In this figure it is seen that many leukocytes have entered 
the field and are all proceeding in more or less straight lines toward 
the attracting body. This is a typical example of the strong attraction 
which we found, in every experiment, to be exerted by Staphylococcus 
albus and a variety of other micro-organisms.^® In seven experiments 
with Staphylococcus albus, the average number of cells making contact 
per hour was 22. By comparison with these micro-organisms, the 
attracting powers of dried leukocytes, paraffin and glass are seen to be 
weak. 

SUMMARY 

A method is described for studying the chemotropic response of 
leukocytes in vitro. The number of cells making contact with the 
attracting body in an hour is compared with the number making contact 
with an imaginary body of the same size placed at random in the field 
of leukocytes. 

Dried leukocytes were found to attract polymorphonuclears weakly; 
about five times as many cells moved to the dried leukocytes as moved 
to an imaginary body of the same size. 

Relatively inert substances like paraffin wax and bits of glass were 
also found by these methods to have a slight attraction for leukocytes. 
Possible mechanisms for such attraction are discussed. 

Different kinds of micro-organisms were tested and all were found 
to attract leukocytes strongly. When Staphylococcus albus was used, 
all polymorphonuclears in the neighborhood moved to the bacteria in 
practically a straight line. 

19. The results of experiments with micro-organisms will be reported later. 



EFFECTS OF OXYACIDS AND HYDROXYACIDS OX 
FROTEIN SWELLING 

MARTIN H. FISCHER. M.D. 

AXD 

WERNER J. SUER. M.S. 

CIN'CIXXATI 

The notion that the action of an acid on the swelling of a protein 
colloid is the product of the hydrogen ions yielded by that acid when 
dissolved in water has been a dead issue to many workers in bjolog}' 
since early days,^ yet its continuance into the literature of today by the 
followers of such workers as S. P. L. Sorensen.* Leonor Michaelis.® 
Henry R. Procter ^ and Jacques Loeb ^ justifies any renewed attack on 
the problem. The experiments detailed here on the effects of different 
acids on the swellitig and “solution” of a highly purified globulin (a 
commercial Harris casein with 0.59 |x;r cent of ash) may again be 
cited as quantitative evidence of the failure to find auiy relation between 
such effects on protein aitd the “strength” of the acids employed. They 
were not made, however, with this purpose first in mind but rather 
to get at an understanding of what might be the difference in the physio- 
logic action of any simple acid as this was changed to the corresponding 
hydroxyacid or oxyacid. Thus the normal butyric acid of the fats 
consumed by man has a pathologic sister in the hydroxybutyric acid that 
appears in diabetes: propionic acid (from fat or protein), in the lactic 
acid discoverable in nonoxygenated muscle or in the body fluids in 
disease of the heart. In the plant world, on the other hand, acetic acid 
has a chemical teammate in the hydroxyacetic acid of unripe fruits, and 
succinic acid, in hydroxysuccinic (malic) and dihydroxysuccinic (tar- 
taric) acid. 

From the Eichberg Laboratory of Physiology, the Uni\-ersity of Cincinnati, 

1. Fischer. Martin H. : Ant. J. Physiol, 20:332. 1907; CEdema. New York. 
John Wiley & Sons. 1910. pp. 31 and 33, 

2. Sorensen, S, P. L, ; Letter to the editor. Kolloid Ztschr, 40:163, 1926. 

3. Michaelis. L., in Alexander, J. : Colloid Chemistry, New York. Chemical 
Catalog Company, Inc., 1926, vol. 1. p. 498. 

4. Procter. Henry R. : Ivolloidchem. Beihefte 2:270. 1911. 

3. Loeb. Jacqnes: Contributions to Medical and Biological Research, Dedi- 
cated to Osier, New York. Paul B. Hoeber, Inc,. 1019. vol. 2, p. S61. Bogne. R. 
H.: Theory and Application of Colloidal Behavior. New York. McGraw-Hill 
Book Company, Inc.. 1*524. vol. 1. p. 23. 



Fig. 1 . — The several series of tubes show the effects of equimolar concentrations 
of different acids and h3'droxyacids on casein. The successive series illustrate the 
effects of acetic, hj'droxyacetic (gl3'colic), propionic, h3'droxypropionic (lactic), 
but3'ric, h3’drox3'butyric, succinic, h3'drox3'succinic (malic) and dih3’droxysuccinic 
(tartaric) acids. 
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EXPERIMENTAL DATA 

Experiments shozeed that the hydroxyiation oi an acid generally increases the 
actiz’ity of that acid in producing the szoelling and the “solution’ of a protein 
(casein). Figure 1 A to I illustrates the efiect better than many words. The tubes 
cany- in all cases a unit weight of casein (0.625 Gm.) in a unit volume of 
“solvent" (5 cc.). The tubes marked 0 are controls, containing casein and water 
onh'. The others, numliered from 1 to 10. show the effects of increasing concentra- 



2. — Effects of equimolar concentrations of several oxyacids on casein. The 
successive series illustrate the effects of phosphorous and phosphoric acids, and of 
hydrosulphurous, sulphurous and sulphuric acids. 


tions of acid (in decimal increments from hundredth molar to ten-hundredths 
molar) . ithin this range of concentration acetic acid is seen to bring about 
almost no swelling (fig. 1^). Hj drox^'acetic acid, on the other hand, is so 
effective that increase in the height of the casein column is noticeable in tube 5 
(fig. IB), while from tube 9 on the contents ha\e swollen into solid gels. The 
effects of h^-dro.xj-propionic (lactic) as opposed to propionic acid may be seen by 
comparing figure I D v. ith figure 1 C ; that of hj droxybutyric against buU'ric acid. 



618 


ARCHIVES OF PATHOLOGY 


by comparing figure 1 F with figure 1 E. In the series on succinic acid the barely 
appreciable swelling produced by the mother substance (fig. 1 G) becomes marked 
in hydroxysuccinic (malic) acid (fig. 1 H) and is further increased in the dihy- 
droxyacid (tartaric) acid, as indicated by the shift of the swollen and gelled col- 
umns of casein toward the left in figure 1 1. 

The effects of some oxyacids as opposed to the pure acids are illustrated in 
figure 2A to E. Phosphorous acid (fig. 2 A) proves quite as active as phosphoric 
acid (fig. 2B), both relatively and absolutely. Figure 2C to E compares a 
series of the acids of sulphur. Hydrogen sulphide (fig. 2 C) is practically without 
effect in the concentrations here detailed. Sulphurous acid (fig. 2 D) produces a 
large effect, but this recedes practically to the level of no effect when sulphuric 
acid (fig. 2 E) is used. 



Fig. 3. — Successive series showing the effects of equimolar concentrations of 
hydrochloric, chloric and perchloric acids. 

Figure 3 A to C compares the action of hydrochloric acid with two of the 
oxyacids of chlorine. Figure 3 A shows hydrochloric acid (of about the same 
pH as the ineffective sulphuric acid of figure 2 E) to bring about an appreciable 
swelling in tube 3, after which its activity is so great that the contents of the 
remaining tubes set in solid gels. Chloric acid (fig. 3 B) though much “weaker" 
is not far behind, while perchloric acid (fig. 3 C) leaves the casein practically unaf- 
fected so far as its swelling and solution are concerned in the concentrations here 
■employed. 

CONCLUSIONS 

Quantitative studies are detailed showing the effects of different 
acids on the swelling and “solution” of a highly purified casein. The 
action of the' acids in no fashion parallels their electrolytic dissociation 
but each acts specifically. On comparipg certain acids with their 
hydroxyacids it was found that the latter were uniformly more active. 
The effects of the oxyacids as contrasted with their mother acids cannot 
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be so easily compared. Little ditterence exists between the action of 
phosphorous and phosphoric acids; the acids of sulphur show greatest 
activity in a midzone of oxidation ; of the acids of chlorine. Iwdro- 
chloric is most active, with the oxr-acids growing progressively weaker 
in this regard as the oxygen element is increased. 



AMYLOIDOSIS OF THE BONE MARROW 


I. E. GERBER, M.D. 

George Blumenthal, Jr., Fellow in Pathology 
NEW VORK 

The bone marrow is not a frequent site of amyloid deposits. When 
present in the bone marrow, amyloid is usually found in three forms, 
namely, isolated infiltrations of the A'^essels of the marrow in generalized 
amyloidosis, massive accumulations in the form of tumors, and deposits 
within preexisting blastomas or otherwise diseased bones. 

In generalized amyloidosis the bone marrow is generally spared. 
Ponfick,^ who first thoroughly investigated the bones for changes in 
amyloid disease, found but few instances of infiltration of the small and 
medium-sized arteries in the marrow. Eberth,- Wichmann ® and others 
had the same experience. Askanazy,'* who also methodically examined 
the bone marrow in cases of generalized amyloidosis, likewise reported 
only occasional instances of vascular infiltration. 

A second form in which amyloid is found in the marrow is that of 
massive accumulations in the skeleton. These have been designated 
amyloid tumors of the bone, to indicate the tumor-like character of the 
amyloid deposit; they are not to be considered true blastomas of the 
bones. In these instances the amyloid deposits are more or less sharply 
localized in one or several sites in the skeleton. The uninvolved portion 
of the affected bone, as well as the remaining bones, is not infiltrated. 
The amyloid tumors of the bone have been described as occurring either 
alone or combined with amyloid deposits in the internal organs. 

The third form in which amyloid is found in the bone marrow is 
that of a deposition of the amyloid within blastomas or otherwise dis- 
eased bones. In such instances the amyloid deposits are considered 
secondary to the underlying blastomas or chronic diseases, in contradis- 
tinction to the amyloid tumors of the bone which are considered primary 
or idiopathic. While the amyloid may be limited to the diseased bone, 
it is not infrequently found in the internal organs as well. The unaf- 
fected portion of the diseased bones and the remaining bones of the body 
are not infiltrated. The three forms of amyloid deposits in the bone 
marrow will be discussed later. 

From the laboratories of the Mount Sinai Hospital. 

1. Ponfick, E. : Virchows Arch. f. path. Anat. 56:534, 1872. 

2. Eberth, C. J. : Virchows Arch. f. path. Anat. 80:138, 1880. 

3. Wichmann, G. : Beitr. z. path. Anat. u. z. allg. Path. 13:487, 1893. 

4. Askanazy, M., in Henke, F., and Lubarsch, O. : Handbuch der speziellen 
pathologischen Anatomie und Histologie, Berlin, Julius Springer, 1927, p. 835. 
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A £ur\'ev of the literature has failed to disclose a description of 
diffuse amyloid infiltration of the bone marrov.', that is, a diffuse involve- 
ment of the marrow comparable to that seen in the spleen or other 
hematopoietic organs. The following case represents such a condition. 

REPORT OF A C.SSE 

History . — A %vbite man, aged 44, was admitted to the medical ser^fce o: Dr. 
George Baehr at the Mount Sinai Hospital on March 29. 1928, complaining of 
pruritus, postprandial pyrosis, vague muscular pains and wc-akness. An e-vamina- 
tion revealed hepatomegaly, albuminuria, hj-percholesteremia and a rapid disap- 
pearance of Congo red injected into the blood stream. A diagnosis of amj'loidosis. 
amj'ioid nephrosis, hj’percholesteremia and lipoid histiocytosis made. Frequent 
observation shov.'ed persistent albuminuria and hypercholesteremia, the cholesterol 
rising as high as 0.d25 Gm. per hundred cubic centimeters oi bloqd. Roentgen ray 
ena.mination of the bones revc-aied no changes. About two and one-half years 
after the first admission signs of renal insufficiency and hypertension supervened : 
these were attributc-d to incipient renal co>ntraction secondare- to amyloid nephrosis. 
At this time further roentgen studies revealed a collapse of the bodies of the 
ninth thoracic and first lumbar vertebrae- Biopsy showed a hyperplastic lymph 
node with lipoid in seme of the cells; the lipoid v.-as not doubly refractile and 
did not stain with Sudan. Because of the changes in the h-mph node and the 
hv-percholesteremia a diagnosis of lipoid infiltration oi the bones was made. Hyper- 
tension persisted to the end. The renal insufneienej- and vertebral lesions pro- 
gressc-d until the patient died on March 10, 1931, ox azotemia and pulmonarv- edema. 

A.v.topsy . — .An autopsy was done on March 10. 1931, four hours after de-ath. by 
Dr. S. Otani and Dr. A. Schifrin. 

The body vras somewhat emaciated : no jaundice, edema, petechiae or scars were 
noted. The lungs were edematous. The heart showed a moderate hypertrophy 
of the left ventricle. The liver was enlarged to alwut nvo and one-h-alf times its 
normal size and weighed 3.720 Gm. Section revealed a dull. waxy, reddish-brown 
s-urface with indistinct lob-alar structure. (The reddish tint was ascribed to the 
retention of Congo red administered during life.) The spleen was firm and weighed 
140 Gra. The cut surface v.-as pinkish red: the malpighian bodies v.-ere not dis- 
tinctly visible. The pancreas and suprarenal glands appeared to be unaltered. The 
right kidney v,-eighed 120 Gm. and the left 110 Gm. The surfaces appeared smooth; 
however, on examination v.-ith a hand lens fine granulation was detected. The cut 
surface v.-as dull and w-axj-; the corticomeduliar>' relationship v.-as normal. The 
glomeruli were seen distinctly as small, bright red dots. Pinkish striations v.-ere 
seen co-arsing from the cortex to the m.edulla. (The glomeruli and tubules stained 
intravitalK' with Congo red.) The thj-roid was firm and fleshy. There tvere 
healed erosions of the stomach and duodenum. Nowhere in the body v.-ere the 
k.-mph nodes enlarged. Then- v.-ere. in general, of the size of a pea, soft and on 
section characteristically grarish red. 

V ertebrae: The anterior half of the hollies of the vertebrae from the eighth 
thoracic to the second lumbar was removed (fig. 1). The vertebral bodies veere 
easily cut with a dull knife, except for the denser cortical portions just beneath 
the intervertebral disks. Instead of the network of spongy bone and red marrow 
usually seen, the cut surface v.-as homogeneous, mahogany-colored, dull and wamv. 
and the framev.-ork of the spongv- bone was not discernible. The marrow v.-as of 
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putty-Jike consisteuc}'^ and, together with friable particles of spongy bone, could be 
readily scooped up on the back of a knife. Along the margins, especially the 
lateral, the cortical bone was less firm than normal and friable. The bodies of 
the ninth thoracic and first lumbar vertebrae were collapsed and deformed, resem- 
bling the vertebrae of a fish, and were only about one-fourth their original size. 
The margins of the collapsed vertebrae bulged laterally, while the surfaces adjoin- 
ing the intervertebral disks, particularly the central portions beneath the e.xpanded 
spongiosa of the disks, were depressed Spicules of bone projected from the 



Fig. 1. — Section of the anterior half of the bodies of the eighth, ninth, tenth, 
eleventh and twelfth thoracic and first and second lumbar vertebrae. Note the 
collapsed ninth thoracic and first lumbar vertebrae, with the e.xpansion of the 
adjoining intervertebral disks. The marrow appears homogeneous; the framework 
of the spongy bone cannot be discerned. 

depressed cortex into the pultaceous marrow. Above and below the collapsed 
vertebrae the intervertebral disks were clliptically expanded. There was no evidence 
of invasion of the surrounding muscle and connective tissue by tumor or amyloid. 

Other Bones: The femoral marrow was reddish yellow, fatty and diffluent. 
The ilia possessed a dense, firm cortex, and the marrow was mahogany-colored, 
homogeneous and pultaceous; the spongy framework of the bone was not dis- 
cernible. The ribs fractured readily, and the marrow resembled that of the verte- 
brae and ilia. 
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Fig. 2. — A, low power magnification of a vertebra, showing a central mass of 
amyloid and remnants of bony trabeculae. In the upper left corner the amyloid 
masses are seen infiltrated between the marrow cells, dividing them into islands. 
Note the regularity of the margin of the trabecula along which remnants of hemato- 
poietic cells are still present. Hematoxylin and eosin. B, higher power magnifica- 
tion of a vertebra showing dilated sinusoids and fragment of a bony trabecula 
surrounded by amyloid. Large osteoclasts are seen along the margins of the trabec- 
ula ; a multinucleated giant cell is present in a lacunar indentation. A small area of 
osteoid tissue can be seen just above the trabecula. Hematox 3 din and eosin. 
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Because of permission for limited autopsy onlj', the brain and skull were not 
examined. 

Microscopic Examination. — Vertebrae; Maity sections were taken from the 
thoracic and lumbar vertebrae. Instead of the broad anastomosing lamellae there 
was a marked irregularity of the bony trabeculae, in both size and shape, and a 
replacement of the marrow by a mass of cell-free tissue. The cell-free tissue con- 
sisted of a structureless, homogeneous mass, generally taking a faint pink stain 
with eosin. Focal areas, in the vicinity of blood vessels, stained more deeplj' 
pink. The cell-free tissue was identified as amyloid by its staining reactions, par- 
ticularly with the aniline dyes. Certain peculiarities of the amyloid staining reac- 
tions will be discussed in detail later. 

The most marked infiltration of the bone marrow by amyloid, together with the 
most severe alteration of the spongy bone, was seen in the central areas of the 
vertebrae (fig. 2 A). At those sites the amyloid was often arranged in more or 
less irregular islands demarcated by remnants of marrow cells. In the areas 
devoid of marrow cells the am 3 doid lay directly against the bony trabeculae. 
Numerous thin-walled, widely dilated sinusoids were present throughout. The 
amyloid in the walls of the sinusoids stained more intensely than the surrounding 
amyloid. The lumens of the arteries, small and large, were patent. The media 
of the arteries was homogeneous in appearance and stained positively for am 3 doid. 
Small, coarse clumps of am 3 doid were present in the adventitia and periadventitial 
tissues. The cells between the islands of amyloid were chiefly surviving hemato- 
poietic cells, although occasional reticular cells and macrophages were seen. 

Toward the cortex the surviving hematopoietic tissue was more abundant. 
Nevertheless, even at those sites the amyloid was seen to have infiltrated between 
the cells and divided them into irregular islands (fig. 2 A). Directly beneath the 
cortex the marrow cells showed, as a rule, less am 3 doid infiltration; the 3 ' were 
in normal relation to the bony trabeculae. The marrow cells showed a normal 
ratio of immature and mature m 3 'eloid and erythropoietic elements. There was no 
apparent change in the number of megakaryocytes ; the reticular cells were dis- 
cernible between the marrow cells. Aside from the occasional macrophages noted 
in the central areas of the vertebrae, no other adventitious cellular elements were 
noted. 

The alteration of the bon 3 ' trabeculae was most marked in the center of the 
vertebrae, where onh" small fragments of the spongy bone were seen. The margins 
of these remnants of bone were irregular and showed many lacunar indentations ; 
the endosteum was disrupted. Closely applied to the irregular edges of the bone 
there was usually a row of large cells with abundant C3't6p]asm and a large nucleus 
that stained deeply blue with hematoxylin. In addition many multinucleated giant 
cells with tonguelike processes were seen along the margins of the bone and in 
the lacunar indentations (fig. 2B). Besides lacunar absorption many of the bony 
trabeculae showed advanced decalcification and resorption. There were scattered 
areas of osteoid tissue surrounding small fragments of bone (fig. 2D). Beneath 
the cortex the trabeculae of bone were generally large, broad and of regular out- 
line; often, however, several showed early lacunar absorption or decalcification. 
The cortical bone was unaltered. 

The destruction of the bony trabeculae was more or less sharply limited to 
those segments that were intimately surrounded by amyloid. No such alteration 
was noted where the bone was surrounded by marrow cells. In none of the sec- 
tions were there evidences of the formation of new bone. There was no evidence 
of inflammation or tumor, in the bone, bone marrow or surrounding fibrous tissue. 
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The amyloid in the vertebrae did not stain with iodine or iodine and sulphuric 
acid. The amyloid in the media of the large and medium-sized arteries stained 
deeply red with congo red ; the main mass of amyloid did not stain with this dye. 
With the aniline dyes a varied picture was observed. All the aniline dyes employed 
stained the amyloid equally well; cresyl violet, however, gave the most 'distinct 
picture. While the major portion of the amyloid in the center of the vertebrae 
stained a faint metachromatic pink, the scattered coarse clumps seen in the vicinity 
of the vessels and the amyloid in the media of the arterioles and walls of the 
sinusoids stained deeply violet. Between these two intensities there were many 
gradations in the metachromasia. Toward the periphery of the vertebrae and in 



Fig. 3 . — Fatty marrow of the femur showing diffuse amyloid infiltration between 
fat cells. Low power magnification. Hematoxylin and eosin. 


between the large islands of hematopoietic tissue the amyloid stained more intensely, 
approaching a metachromatic purple. No amyloid was seen in the giant cells in 
the lacunae of the bone or in the macrophages. 

Marrow of the Femur; There was a diffuse infiltration of amyloid in the 
spaces between the fat cells (fig. 3 ), and although a varj'ing degree of compression 
of the fat cells was evident, no atrophy was noted. The hematopoietic elements 
showed the normal ratio of mature and immature cells. The distribution of the 
am3'loid in the vessels, the alteration of the bon3' trabeculae and the staining of 
the am3’loid were identical with the observations on the vertebrae. 

Kidne3's: The glomeruli were increased in size and markedb"^ infiltrated with 
am3’loid. The glomerular capillaries were seen with difficulty; they contained 
little blood. There was a marked increase of interstitial tissue, w'ithin which man3' 
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atrophic and collapsed tubules were seen. The remaining tubules were dilated; 
the epithelium showed marked granular degeneration, and the basement membrane 
was thickened by an infiltration of amyloid. The media of the small and medium- 
sized vessels showed marked am 3 doid deposition ; the larger vessels were free. The 
lumens 'of all the vessels were patent. Some of the interlobular arteries showed 
a moderate degree of intimal proliferation and reduplication of the elastica; 
although carefully looked for, this change was not often observed. 

Lymph Nodes: The architecture of the nodes was unaltered. The cortical 
follicles and l}'mphatic cords were depleted of cells. The sinuses were dilated and 
contained many macrophages and small lymphocytes. There was no evidence of 
lipoid-containing cells. Amyloid was not present. 

Pancreas: The interlobular and intralobular connective tissue was increased 
and diffusely infiltrated with amjdoid, which involved also the media of the small 
vessels. The basement membrane of the acinar cells and the islets of Langerhans 
were not infiltrated. The large vessels and ducts were free from amyloid. 

Other Organs: The liver, spleen, thyroid, suprarenal glands and the mucosa 
of the stomach showed the characteristic picture of diffuse amyloid infiltration with 
involvement of the small and medium-sized vessels. The other organs exhibited 
no significant change. 

In none of the tissue sections was it possible to stain the amyloid with iodine 
or iodine and sulphuric acid. Except for the variations noted in the bone marrow, 
the amyloid in all other organs stained readily with congo red and the aniline 
dyes : cresyl violet, methyl violet and aniline gentian violet. 

Anatomic Diagnosis. — The following diagnosis was made: amjdoidosis of the 
liver, spleen, pancreas, stomach, thyroid and suprarenal glands ; diffuse amyloidosis 
of the bone marrow with collapse of the ninth thoracic and first lumbar vertebrae ; 
amyloidosis of the kidneys with incipient contraction ; edema of the lungs ; brown 
atrophy of the heart; hypertrophy of the left ventricle; healed erosions of the 
stomach and duodenum. 

COMMENT 

The diagnosis made during the life of the patient was amyloid 
nephrosis, hypercholesteremia, hepatomegaly and lipoid histiocytosis. 
The clinical aspects of the case were reported by Rachmilewitz ° while 
the patient was still alive. The subsequent postmortem observations of 
generalized am3doidosis, with marked involvement of the kidneys and 
liver, serve to explain the hypercholesteremia and hepatomegaly. No 
evidence of lipoid histioc3dosis was found. Despite a careful search at 
autopsy no explanation could be offered for the cause of the amyloidosis. 

The am3'loid deposits in the internal organs, aside from those in 
the pancreas and kidneys, showed nothing of unusual significance. The 
infiltration of the pancreas is noteworthy because of the infrequency of 
this condition. The microscopic appearance conformed to that seen 
in similar reported cases. 

The clinical course of the patient presented a complete picture of 
amyloid disease of the kidne3^s beginning with the nephrotic syndrome 
and terminating with renal insufficiency. The signs and symptoms of 


5. Rachmilewitz, kl.: J. A. kl. A. 93:604, 1929 
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nephrosis persisted for a period of more than two years, during which 
the renal function and tlie blood pressure were normal, d'hc gradual 
onset of renal insufficiency and the sudden appearance of hypertension 
were ascribed to incipient contraction of the amyloid kidneys; this was 
confirmed by the anatomic observations. 

It has been observed frequently that in jiatients with amyloid con- 
tracted kidneys azotemia may develop terminally (Fahr,” Noble and 
Major' and Bcll^). The occurrence of hypertension, on the other 
hand, has not been noted by the majority of observers (Volhard and 
Fahr" and Rosenberg’") ; they have reported a low tension as a rule. 
However. Fahr " recently asserted that hypertension may he j)resent 
in young patients if cachexia is absent. He ascribes the infrequency 
of hypertension in patients with amyloid contracted kidneys to vascular 
“inadequacy” caused by cache.xia. which is often marked in these 
patients. In these instances the hypertension is thought to he of renal 
origin. Similarly Bell. Noble and Major and others have reported 
hypertension with amyloid contracted kidneys and they consider the 
hypertension to he of renal origin. 'I'he case re])ortcd in this study 
seems to svqiport this concept. 

As mentioned at the beginning of this report, only .scanty vascular 
infiltrations have been found in the bone marrow in cases of generalized 
amyloidosis. The nature of the infiltration, in these instances, does not 
differ from that seen in vascular involvement of other organs. In the 
present case, however, the amyloid dej)osits were seen not only in the 
vessels but also in the reticulum and in the walls of the sinusoids. The 
infiltration was comparable to that reported in the amyloid tumors of 
the hone. The latter, however, have many distinguishing character- 
istics. In contrast to the diffuse amyloid infiltration in the present case, 
the amyloid is localized as a massive accumulation in one or several 
bones while the marrow of the other hones is free. There are, how- 
ever. a number of features common to both the primary amyloid tumors 
of the hone and the present case. 

Eight instances of amyloid tumors of the hone have been reported 
(Edens,” ^landl,’- Hildebrand,’’’ Hedrcn.” Schmid,’” Ophuls,’® 

6. Fahr, T.: Klin. Wchnschr. 10:1205, 1931. 

7. Noble, J. F., and Major, S. G.: Arch. Path. 8:762, 1929. 

8. Bell, E. T.: Am. J. Path. 9:185, 19.33. 

9. Volhard, F., and Fahr, T. : Die Brightschc Krankheit, Berlin, Julius 
Springer, 1914, p. 21. 

10. Rosenberg, Deutsche mcd. Wchnschr. 57:99, 1931. 

11. Edens: Virchows Arch. f. path. Anat. 184:137, 1906. 

12. Mandl, J.: Virchows Arch. f. path. Anat. 253:639, 1924. 

13. Hildebrand, O.: Virchows Arch. f. path. Anat. 140:249, 1895. ■ 

14. Hedren, G.: Ztschr. f. klin. Med. 63:212, 1907. 

15. Schmid, H., cited by Askanazj'.* 

16. Ophuls, W.: J. Exper. Med. 5:111, 1900. 
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Wolpert^' and von Bonsdorff^®). Two of these, the case of Schmid 
and that of Hildebrand, were instances of amyloid deposits within 
blastoinas of the bone and should not be classified with the cases of 
amyloid tumors of the bone. Aside from the present case and the 
slight vascular involvement occasionally reported in generalized amy- 
loidosis, the amyloid tumors of the bone represent the only other form 
of idiopathic amyloid disease of the bone marrow. Because of the 
destructive action of the amyloid deposits these tumors of the bone may 
give rise to serious symptoms and are often mistaken for blastoinas. In 
all instances the authors described a cellular reaction in the area of the 
am 3 doid deposits, together with the presence of granulation tissue and 
multinucleated giant cells ; these were considered to be local reactions 
to the presence of the amyloid. The alteration of the bone was com- 
parable to that described in the present case. In only one instance was 
there evidence of Avascular occlusion (Mandl) ; in the other cases 
the pressure of the infiltrating amyloid was probably responsible for the 
destruction of bone. This seems to be indicated by the studies in the 
present case. The most marked destruction of the bony trabeculae was 
noted in the areas in which the amyloid was present in direct apposition 
to the bone (fig. 2 A). .Where the marrow cells were still intact along 
the margins of the bone, that is, where the amyloid had not infiltrated 
to the bone, there was little or no eAudence of destruction of bone. This 
seems to indicate that the direct pressure of the amyloid gave rise to the 
alterations in the bone. Neither in this case nor in the amyloid tumors 
of the bone was there any evidence of the formation of new bone. No 
explanation has been offered to account for this obseiwation. The 
am3doid staining reactions in the am3doid tumors of the bone shoAved 
variations similar to those described in the present case; the am 3 doid 
stained irregularly Avith iodine and presented marked variations in 
metachromasia Avith the aniline dyes. 

Am3doid deposits Avithin blastoinas or in chronic diseases of the 
bone or bone marrow are to be distinguished from the amyloid tumors 
of the bone. In the former conditions the amyloid deposits are consid- 
ered to be secondary to the iuA'olveinent of the bone marrow. When a 
tumor-like appearance is present, in contradistinction to the amyloid 
tumors of the bone, it is caused by the blastoma rather than the amyloid 
deposits. The quantity of amyloid present in the blastoma may vary 
from minute amounts, visible only under the microscope, to large accu- 
mulations sufficient to obscure the underlying blastoma. Weber has 

17. Wolpert, I.: Virchows Arch. f. path. Anat. (supp.) 227:173, 1920. 

18. von Bonsdorff, B.: Finska lak.-sallsk. handl. 75:447, 1933 1 abstr., J. A- 
M. A. 101:489, 1933. 

19. Weber, H.: Beitr. z. path. Anat. u. z. allg. Path. 86:1, 1931. 
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emphasized the necessity o{ a careful search for the presence of the 
underlying blastoina; in a case reported by him. the multiple myeloma 
was found with difficulty. In these instances the destruction of the bone 
is no doubt primarily due to the underlying hlastoma rather than to the 
amyloid, although the latter may aggravate the process. The staining 
reactions of the amyloid in blaslomas are atypical, showing variations 
similar to those observed in the amyloid tumors of the bone and in the 
present case. Klem]:)erer described a case of lymphoblastic mye- 
loma in which there were scattered homogeneous masses that stained 
deeply pink with cosin and ])artly yellow and i)artly red with van Gieson 
stain, but did not take the usual amyloid stains. It is possible that this 
was an instance of achromatic amyloid. 

The blastomas most frequently .‘;howing secondary amyloid deposits 
are the multiple myelomas. Cases have been dcscril)cd by ^^’cber. 
Glaus.-‘ Hueter and others. The relatively frequent association of 
this type of hlastoma with amyloid deposits, both in the hlastoma and 
in the viscera, has received the attention of many observers, who see 
in this association a pathogenetic relationship. Magnus-Lcvy considers 
the Bence-Jones protein, occurring frequently in multiple myelomas, as 
the matrix of the amyloid. I'o advance his concept further, he suggests 
that the primary amyloid tumors of the bone arc instances of multiple 
myeloma with secondary amyloid deposits rather than idiopathic amyloid 
tumors, the amyloid having arisen from the Bence-Jones protein. He 
likewise suggests that the amyloid deposits may, in these instances, 
have obscured the underlying blastomas. as Weber noted, or that the 
authors overlooked the underlying tumor as. for e.xample, in Ophiils' 
case in which the amyloid deposits were considered to have arisen in a 
gummatous osteitis of the bones and were described by Ophiils as areas 
of plasma-like cells in the amyloid masses. There is nothing in the 
descriptions of the other cases of primary amyloid tumors of the bone, 
however, that indicates the presence of an underlying hlastoma. The 
aforementioned authors stated that after careful search no evidences of 
tumor were found. 

The diffuse distribution of the amyloid in the marrow readily dis- 
tinguishes the present case from the other forms of amyloidosis of the 
bone marrow. Contrary to the observations in amyloid tumors of the 
bone, no inflammatory reaction was present despite the extensive 
destruction of the bones and the marked atrophy of the marrow. The 
involvement of the marrow was undoubtedly responsible for the secon- 
dary anemia observed in the later stages of the patient’s illness. The 

20. Klemperer, P.: Beitr. z. path. .■\nat. u. z. allg. Path. 67:492, 1920. 

21. Glaus, A.: Virchows Arch. f. path. .Anat. 223:301, 1917. 

22. Hueter, C.: Beitr. z. path. Anat. u. z. allg. Path. 49:101, 1910. 

23. l\Iagnus-Le\y, A.: Ztschr. f. Win. Aled. 116:510. 1931. 
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collapse of the vertebrae is comparable to that described in the case of 
amyloid tumor of the bone of the third thoracic vertebra reported by 
Mandl, in which pressure on the spinal cord had led to compression 
myelitis. It is not unlikely that in this patient the pressure of the col- 
lapsed vertebrae on the nerves as they emerged from the intervertebral 
foramina was responsible for the muscular pains in the lower part of 
the abdomen. 

A careful study of the present case indicates that the amyloid 
deposits were not secondary to an underlying blastoma. In the 
mass of amyloid, even where the destruction of the bone was most 
extensive, the surviving marrow cells showed a normal ratio of myeloid 
and erythropoietic cells; no tumor cells were noted. Also the diffuse 
involvement of the marrow speaks against the presence of an underlying 
blastoma. However, because of the case reported by Freund,-'* it was 
necessary to consider the controverted concept of diffuse m3''eloma with 
secondary amyloid deposits. The presence of normal hematopoietic 
tissue throughout the marrow militates against this interpretation. The 
present case is clearly an instance of idiopathic diffuse amyloidosis of 
the bone marrow and viscera. 

The rarity of amyloid infiltrations in the bone marrow has not been 
explained. Magnus-Levy offers an interpretation in the fact that the 
circulation of the marrow is constant and that, unlike the spleen and 
liver, it is not an expansile organ, so that the “pressing in” of circu- 
lating amyloid into the tissue spaces of the bone marrow is not favored. 
However, if the bone is the seat of a destructive process, as in blastemas, 
stasis ensues, and the deposition of am3doid is facilitated. This interpreta- 
tion can account for only some of the physical factors, as Magnus-Lev3'^ 
himself acknowledges. It cannot, however, be applied to instances in 
which destruction of the bone was not present prior to the am3doid 
deposition, as in the present case. 

SUMMARY 

In addition to the three described forms of amyloid deposits in the 
bone or bone marrow, naniel3\ isolated instances of vascular infiltration 
in generalized amyloidosis, primary amyloid tumors of the bone and 
secondary amyloid deposits within blastemas or other diseases of the 
bone, a fourth type is added, that of diffuse amyloidosis of the bone 
marrow associated with generalized amyloidosis. No similar case was 
found in a survey of the literature. No cause for the amyloidosis was 
found. 


24. Freund, E.: Frankfurt. Ztschr. f. Path. 40:400, 1930. 
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CHICAfiO 

The physiologically active principle characteristic of the parental 
tissue has been demonstrated in a variety of tumors. Thus, epinephrine 
was demonstrated hy the frog’s eye method and chemically in medullary 
tumors of the suprarenal gland by Orth.^ Wiesel and Neusser." Wcgc- 
lin,^ Hedinger,'' Rabcn •' and Schultz" and by the cficct on blood pres- 
sure by Hick." Plant" demonstrated the presence of thyroxine in 
thyroid gland rest tumors of the ovary by the acetonitril (Reid Plunt) 
and the tadpole maturation (Gudernatsch) tests. Heller'’ and many 
others observed bile in the metastases of hepatocellular carcinomas of 
the liver. Similarly, certain clinical observations suggest that tumors 
may display the functional properties of the parental tissue. In this 
category fall the Langhans cell tumors with hyperparathyroidism, the 
oxyphilic and basophilic adenomas of the hypo])hysis and the gonadal 
tumors with their respective syndromes dependent on the elaboration 
of the principle characteristic of the tissue from which they originate. 
The demonstration of prolan A in the urine in teratoma testis and 
that of intermedin in the urine in neurogenic tumors and melanomas '■* 
are of even more direct significance. Similarly, Ewing mentioned 

From the Department, of PatlioloRy, Univcr.sity of Illinois, and the Pathological 
. Laboratories of Cook County Hospital, Dr. R. H. Jaffe, director. 

1. Orth, K. ; Preuss. Akad. Wisscnsch. 2:34, 1914, 

2. Wiesel, J., and Neusser, E. : Die Erkrankungen der Nebennieren, Vienna, 
M. Perles, 1910, p. 27. 

3. Wegelin: Verhandl. d, deutsch. path. Gesselsch. 15:255, 1912. 

4. Hedinger, E. : Frankfurt. Ztschr. f. Path. 7:112, 1911. 

5. Raben, C. B.; Arch. Path. 7:228, 1929. 

6. Schultz, W. H.: Am. J. Physiol. 90:508, 1929. 

7. Hick, F. K.: Arch. Path. 15:665, 1933. 

8. Plaut, A.; Klin. Wchnschr. 10:1803, 1931. 

9. Heller, cited by Ewing.’ 

10. Jaffe, H. L.; Arch. Path. 16:63 and 232, 1934. 

11. Cushing, H. : Bull. Johns I-Iopkins Hosp. 50:137, 1932, 

12. Ferguson, R. S.: Am. J. Cancer 18:269, 1933. 

13. Ferguson, R. S.: Am. J. Cancer, to be published. 

14. Ewing: Neoplastic Diseases, Philadelphia, W. B. Saunders Company, 
1928, p. 53. 



632 


ARCHIVES OF PATHOLOGY 


absence of symptoms of Addison’s disease in a patient with a massive 
hypernephroma and apparent!}’- complete destruction of the suprarenal 
glands. In this instance the evidence is not so certain, since aberrant 
suprarenal tissue is common and symptoms do not develop in the presence 
of excessive amounts of cortical substance. 

Ewing summarized this subject by stating that the functional activity 
displayed by tumors diminishes with increasing anaplasia. Any amount 
of function from overactivity to complete absence of activity may be 
met with. 

The pathologic entity variously referred to as metastasizing thyroid 
gland, metastasizing goiter or metastasizing adenoma has been thoroughly 
studied from the morphologic standpoint and, indeed, the various names 
applied to it serve to indicate its malignant character as observed grossly 
and clinically, and its benign character as observed histologically. 
Engelstad demonstrated active thyroid substance in the metastases 
of a carcinoma of the thyroid gland by the acetonitril test. In the 
present article I shall present evidence of a substance promoting growth 
and maturation which was present in the metastases of a tumor of the 
thyroid gland, the primary growth of which was histologically malignant, 
though at autopsy the thyroid tissue present and the metastases as well 
were histologically benign. 

REPORT OF CASE 

In 1920 a white woman, 49 years of age, noted a slight enlargement on the 
anterior surface of the neck, which increased to the size of a hen’s egg during the 
following two years. During the third year the mass began to increase rapidly 
and the patient complained of a choking sensation when she attempted to swallow. 
During this period she lost about 10 pounds (4.5 Kg.), but did not complain 
of nervousness, intolerance of heat or other features characteristic of hyper- 
thjwoidism. She entered the Cook County Hospital on July 4, 1923, at which time 
the right lobe of the thyroid gland was enlarged to the size of a grapefruit. It 
was firmly fixed to the surrounding structures and moved only slightly during 
swallowing. 

Lobectomy was performed and sections of the tumor were examined micro- 
scopically. The growth w’as diagnosed as carcinoma of the thyroid gland. 

Roentgen examination of the chest, spine and long bones failed to demon- 
strate metastases. 

The patient w’as readmitted in June, 1932 (nine years after the original 
admission and twelve years after the onset of symptoms). At this time she 
complained of sacro-iliac pain. An x-ray picture revealed metastases in the sacrum. 
Six months later (Jan. 19, 1933) she again returned to the hospital with a history 
of having had headaches and “pistol shot” noises in the head for eight years, 
a swelling in the right parietal region for four years, and weakness and dyspnea 
becoming progressively more pronounced for several months. 

She was extremelv emaciated. A soft, smooth elevated, pulsating mass, 12 
cm. in diameter, was present in the right parietal bone. A ragged edge, apparently 

15. Engelstad, R. B.; Ztschr. f. Krebsforsch. 39:369, 1933. 
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bone, was palpated about the margin of this mass. A loud bruit was heard 
over the dilated and tortuous temporal vessels, and similar but softer sounds 
were audible over the tumor itself. The vessels on the right side of the neck 
pulsated, and over them a thrill was felt and a bruit heard. The heart was 
enlarged and a double murmur was heard over the apex. 1 he upper region of 
the right lung gave a dull sound on percussion, and the breath sounds were 
of diminished intensity and associated with sibilant rales. The basal areas 
posteriorly gave a dull sound and here many moist rales could be heard. 1 he 
finger tips were clubbed and cyanotic. 

The veins in both fundi were engorged, and papilledema was noted on the 
right. 

The laboratory findings were insignificant. 

A rapidly downward course terminated in death on January 25 (six days after 
admission). 

Autopsy. — Dr. R. H. Jaffe made the following observations eight hours after 
the death of the patient. The external findings were essentially as described in 
the foregoing paragraphs. 

The pleural cavities were partially obliterated by dense adhesions, and each 
contained about 100 cc. of clear fluid. The lungs were distended and heavy, 
and the pleural surfaces were covered with fibrous tags. The surfaces were 
studded with firm, light purple-gray nodules, varying in size from that of a pin- 
head to 20 mm., the larger of which displayed central umbilication. Similar 
masses were scattered throughout the lung and, as seen on the cut surface, were 
separated by moist, light purple-gray to purple-brown pulmonary tissue. 

The pericardial sac contained 100 cc. of clear fluid. The heart weighed 415 
Gm, The myocardium was pale and friable. .Atheromatous and calcareous 
plaques were scattered over the inner surfaces of the coronary arteries and aorta. 

The left lobe of the thyroid gland weighed 35 Gm. The color varied from 
light purple-gray to grayish brown. The cut surface was made up of nodes from 
20 to 30 mm. in diameter and it \-aried in color from light brown to yellowish 
brown. To the right of the trachea in place of the right lobe of the thyroid gland 
was found a firm, confluent mass of spherical nodes 8 by 5 by 4.5 cm. in diameter. 
The sectioned surface of this mass was light purple-gray mottled with grayish 
white. 

In the fundus of the stomach at the greater curvature was a firm submucous 
nodule 25 by 15 by 10 mm. in diameter. 

The mass noted on the external aspect of the skull was found to extend through 
the bone and to be firmly adherent to the dura. The edges of the bony defect were 
indented and friable. A similar mass protruded into the pelvis from the lower 
half of the sacrum. 

Microscopic E.vaminatiou . — In the thyroid gland the follicles were generally 
small, lined by epithelium varying from flat to cuboid and largely isolated into 
nodules by a dense hyaline and, in some areas, calcified stroma. In certain areas 
the follicular epithelium contained blood pigment. The superior thyroid artery 
and its branches displayed marked calcification. The veins were distended, but no 
fragments of the tumor were found in the lumens. 

In the lung the nodules seen grossly were sharply demarcated from the sur- 
rounding compressed and, in some areas, blood-filled alveoli. They consisted of a 
delicate vascular stroma and numerous small follicles resembling those seen in the 
nodules in the thyroid gland. The smaller follicles had practically no lumens ; 
in the larger ones the lumens were empty or filled with pale-staining homogeneous 



634 


ARCHIVES OF PATHOLOGY 


material. The cells lining the follicles were uniform in size, shape and staining 
qualities. Hemorrhage was seen in the centers of some of these metastatic nodules. 

The peritracheal lymph nodes showed follicle-like structures separated by a 
varying amount of stroma replacing the normal lymphatic tissue. The follicles 
were lined by cylindric epithelium displaying a moderate degree of papillary 
infolding. 

The metastases to the parietal bone presented essentially the same histologic 
picture as did the pulmonary metastases. 

A nodule from the region of the gastric fundus was examined. The mucosa 
was thickened. It was made up of long, slender glands lined by regular, clear 
cylindric epithelium and other irregular, branched structures formed bj”^ large 
cells with hyperchromatic and anaplastic nuclei as well as dilated glandlike struc- 
tures the lumens of which were filled with pus cells and lined by low cylindric 
epithelium. Single glands extended through to the serosa. The stroma was rich 
in small round cells and plasma cells. 

Anatomic Diagnosis . — The anatomic diagnosis was : metastasizing goiter 
involving both lungs, the right peritracheal lymph nodes, the parietal bone and 
the sacrum; ancient lobectomy of the right lobe of the th 3 Toid gland; early 
carcinoma in adenomyoma of the stomach; chronic tumor of the spleen; moderate 
hypertrophy of the heart; parenchymal degeneration of the liver, myocardium 
and kidneys ; mucous colitis and bilateral hydrothorax. 


EXPERIMENTS 

Several days after the death of the patient the nodules of the tumor 
■were dissected out of one lung. They totaled 250 Gm. in moist weight. 
They were run through a meat grinder, spread on glass plates and dried 
in a stream of warm air. On April 23, 60 mg. of this dried material 
was added to the fish food placed in each of two pans, one containing 
seventy and the other forty-five tadpoles. This daily ration of material 
from the tumor was continued until July 13. Several variable-sized 
groups of tadpoles from the same batch of eggs were retained as con- 
trols and fed only fish food or fish food plus dried beef heart. The 
experimental group and the controls were killed with chloroform on 
July 13, and the maximum length of each tadpole was measured and 
the animals were photographed (figs. 1, 2 and 3). 

The mean and the standard deviations were calculated according to 
the formulas described by Pearl 

In the control group of eighty-four tadpoles, the mean length was 
2,39 ± 0.036 cm., and the standard deviation was 0.49 rt 0.025 cm. 
Group 1 of the tumor-fed tadpoles with sixty-four survivors at the 
end of the experiment had a mean length of 3.64 dr 0.1 cm., with a 
standard deviation of 1.19 dr 0.071 cm., and, in addition, six fully devel- 
oped frogs and one tadpole with hindlegs at the termination of the 
experiment. Similarly, group 2 of the tumor-fed tadpoles with forty 

16. Pearl, R.: Introduction to Medical Biometrj' and Statistics, Philadelphia, 
W. B. Saunders Company, 1930, chap. 13, p. 264. 
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Fig. 1. — Control group of norinnl tadpole.*;. They were fed fish food ad libitum 
from April 25 until July 15, when the survivor.s (eighty-four) were killed. .[The 
numbers represent the individual tadpole lengths in centimeters. The mean length 
was 2.39 ± 0.036 cm. The standard deviation was O.dO ± 0.025 cm. 
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Fig. 2. — Group 1 of the tumor-fed tadpoles. Thej' were fed fish food plus 1 
grain (0.06 Gm.) of tumor substance daily from April 25 to July 13, when the 
survivors (sixty-four out of seventy-five) were killed. The numbers represent 
the individual tadpole lengths, in centimeters. The mean length was 3.64 rt 0.1 cm. 
The standard deviation was 1.19 ±0.071 cm. Three frogs developed and died 
between June 21 and 27 (not photographed). 
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survivors at the end of the experiment had a mean length of 5.19 ±: 0.119 
cm., with a standard deviation of 1.112 ± 0.084 cm. Three fully mature 
frogs and four frogs with tails retained developed in this group. 

Thus the control group showed a standard deviation of only 0.49 
cm., indicating a uniform and rather narrow distribution of sizes about 
the mean of 2.39 cm., and no maturation during the experimental period. 
Group 1 of the tumor-fed group with a standard deviation of 1.19 cm. 
about the mean of 3.64 cm. and group 2 with a standard deviation of 
1.112 cm. about the mean of 5.19 displayed a much more rapid and 
variable rate of growth. The time of maturation, as is indicated by 
the development of fully or partially matured frogs in these two groups, 
was also accelerated. The difference in growth and maturation between 



Fig. 3. — Group 2 of the tumor-fed tadpoles, given the same rations over the 
same period as group 1. Forty out of forty-five survived. The mean length of 
the survivors was 5.19 rh 1 19 cm. The standard deviation was 1.112 ± 0.084 cm. 

the two tumor-fed groups is explainable b}^ the difference in the number 
of tadpoles in the two groups, the smaller group showing the most 
rapid growth and maturation. 

The variations within the group are explainable by differences in 
the individual intakes and differences in the developmental potentiali- 
ties of the individual tadpoles. Which of these factors was the chief 
or perhaps the sole element could have been settled only by placing one 
or two tadpoles in each experimental pan instead of the large numbers 

used. 

Because of the length of time intervening between the death of the 
patient and the preparation of the dried material of the tumor, quanti- 
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tative estimates oi the potency of this substance would have been futile. 
However. 0.06 mg. of commercial desiccated whole thjToid gland given 
daily killed a pan of tadpoles within one week whereas the number killed 
by 0.06 Gm. of the tumor substance, while higher than the number dying 
among the controls, was only a small fraction of the total number of 
tadpoles given this dose. 

These findings allow the conclusion that the metastascs of the tumor 
of the thyroid gland contained a -principle that accelerated the growth 
and maturation of the tadjwles. 

•SUMMARY 

Experimental evidence is presented that there exists in the metas- 
tases of tumors of the thyroid gland a principle that accelerates the. 
growth and maturation of tadpoles. 



THE INHERITANCE OF FOCAL MELANOSIS IN 

DROSOPHILA 

JOHN W. GOWEN, Ph.D. 

PRINCETON, N. J. 

In a study of the physical characteristics of the gene,^ adult male 
drosophilas were exposed to one minute irradiation with roentgen rays 
from a copper target tube. Eight thousand nine hundred and twenty 
electrostatic units Avere given per minute per square centimeter in 1 cm. 
of air by this tube. These males were bred to females having in one 
chromosome the familiar CIB factor combination. The female progeny 
containing as their sex chromosomes the CIB of the mother and the 
irradiated X of the father were bred in single cultures to males having 
sex chromosomes containing the genes for white eye color and miniature 
wings. The progeny of one such mating, 16546 A-20, were fifty wild 
type and fifty-four Bar females and two males. Both males showed 
black melanotic spots on the second joint of the legs. They walked 
stiff!}! and easily became stuck in the culture mediums. These males 
were bred to their Avild sisters which carried the mutant gene. There 
resulting progeny included a very feAV females, as well as males, Avhich 
had black spots on the second joint of the legs. The normal Avild type 
male and female of Drosophila are shoAvn in figure 1 A and B. Tavo 
females and a male shoAving the degenerated leg joints are shoAvn in 
figure I C, D and E. 

A sex-linked lethal gene kills off all the males which receive it, or 
one half of the total male progeny. In most instances no trace of these 
males is discovered. The existence of a lethal gene is inferred from the 
fact that a genetic class AAdiich should occur is missing. In the case 
described in this report a fcAV of the males carrying this gene are not 
badly affected and survive. They represent only a small proportion of 
the expected males. In the initial case in Avhich there Avere fifty Avild 
type and fifty-four Bar females there should have been fifty males 
haAong lesions to correspond Avith the fifty AAold type females, Avhereas 
only tAVO surA^ived. Examination of the culture bottle revealed the 
bodies of the rest of these males, each one shoAving pronounced lesions. 

From the Department of Animal and Plant Pathology, Rockefeller Institute 
for Medical Research, Princeton, N. J., and the Department of Biology^ School 
of Hygiene and Public Health, Johns Hopkins University, Baltimore. 

1. Gowen, John W., and Gay, E. H.: Gene Number, Kind and Size in 
Drosophila, Genetics 1:1, 1933. 



GOU'EX— FOCAL MELAXOSIS IX DROSOPHILA 


639 


The males having this sex-linked gene had been able to crawl out of 
the pupa case hut, unable to move normall3% had died. 'J'hc ])apcr at 
the bottom of the bottle covered with these dead males is shown in 
figure 1. F. Sixty-two males showing lesions of the joints were found 
dead on the paper. When they were all counted the males were of suffi- 
cient number to balance the female class, as they should be to meet 
genetic expectations. 

The extent to which degeneration may go is shown in figure 1 by the 
size of the blackened area which replaced the leg joints. This degenera- 
tion apparentl}’ develops at the time the fly leaves the pu])a case, since 
melanotic lesions were not noted in flics of the proper genetic constitu- 



Fig- 1- — Xormal wild type male and female for comparison with males and 
females showing lesions of the leg joints, an inherited pathologic condition pro- 
duced by a gene. Roentgen treatment of the wild type gene of the wild type 
normal flies shown in A and B caused a change into a gene producing the con- 
dition shown in C, D and E. The males which show the effects of this gene 
generally die. In F their bodies are seen scattered over the paper which covered 
the bottom of the bottle in which they emerged from their pupa cases. 


tion dissected from the pupa cases. The lesions do not show any 
increase in area with the aging of the fly. There is no evidence of con- 
tinuous growth. 

The amount of tissue included in the focal melanosis varies from 
culture bottle to culture bottle, environmental conditions such as mois- 
ture playing a role in the expression of this gene. In its host expression 
the blackened necrotic area may appear as only one slight spot on the 
lower tip of the femur or upper end of the tibia. In its more extreme 
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condition all the legs may be involved, the necrotic degeneration includ- 
ing half the femur and tibia on either side of the joint. No melanosis 
of any of the othei joints, as those between the tarsae or coxa, trochanter 
and femur, takes place. Figure 2 shows three leg joints displaying these 
lesions ; the joint in 2 A has quite a limited melanosis, that in 2 5 is 
more extreme, and in 2 C the melanosis involves about one third of both 
the femur and the tibia. 



Fig. 2. — Various types observed in the focal melanosis of the leg joint. A 
shows but slight melanosis ; B shows a more extreme, and C a still more complete, 
involvement of the leg. D and E are photographs of sections through these joints. 
jD is a section stained with eosin. As the melanotic area is pigmented black with 
insoluble pigment it appears black in the photograph. £ is a section at a higher 
magnification and is stained with iodine gentian violet, a nuclear stain. Again the 
melanotic area is black owing to the pigment. 

High power magnification of sections through the necrotic areas 
shows that the region of functional failure and degeneration is at the 
junction of the tibia and femur. The degeneration includes the cuticula 
and the underlying ectoderm. The muscles do not appear to be involved 
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except in the lesions in which degeneration is extensive, when tiie whole 
femur and tibia may be reduced to a structureless mass of melanotic 
tissue. In such cases muscular atrophy appears to be a secondary change 
brought about by the antecedent cuticular degeneration. 

The chemical solubilities - of the black pigment left after degenera- 
tion of the tissues are of interest as tliey give some idea of its nature. 
Soaking the specimens for a i)eriofl of two years in water, weak hydro- 
chloric acid, ethyl alcohol, ether, xylol, carbon bisulphide, glycerin, glacial 
acetic acid, purified petroleum benzine and solutions of calcium hydroxide 
and barium hydroxide failed to dissolve the pigment. It is readily soluble 
in a 5 per cent solution of sodium hydroxide. leaving a clear chitinous 
shell. It is also soluble, with some difficulty, in concentrated nitric 
acid, the chitinous shell dissolving as well as the black pigmentation. To 
this extent, then, the degeneration may be regarded as replacing much 
of the tissue with a substance having the general properties of melanin. 

The technic used to detect mutations produced by roentgen rays 
showed the gene cau.sing this focal melanotic degeneration to be sex- 
linked. Its further linkage relations are <^hown in the following 
tabulation. 


Parents 9 x o v cv v j 

me 

Progeny 

Genetic constitution 

noncrossovens Without melanotic lesions With melanotic lesions 

y \v m Bx 157 

4- 7 27 

Single crossovers 
y 

w m Ex 3 

y w ] 

m Ex 4 1 

y w m 7 

Ex 1 


Double crossovers 
y m Bx 
w 

y Bx 
w m 
y w Bx 

m 2 

The data list the males only. Of the alternate classes for each cross- 
ing over, the classes showing the yellow gene are given first. Crossing 
over in the presence of this gene has obviously been seriously reduced. 

2. Abel, J. J., and Davis, W. S.t On the Pigment of the Negro’s Skin and 
Hair, J. Exper. I^Ied. 1:361, 1896. 
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The evidence shows the gene to be between white and miniature, near 
miniature. Crosses including the factors y cv v f show a like result 


Parents 2 


Single crossovers 

Genetic constitution 
noncrossovers 
y cv V f 

+ 

Single crossovers 

y 

cv v f 

y cv 

V f 

y cv V 

f 

Double crossovers 
y V f 
cv 

y f 

cv V 
y cv f 

V 


me 

J'lCVsVaf 


X $ y cv V f 
Progeny 


^ ’s $’s 2 ’s 

Without melanotic With melanotic Without melanotic 
lesions lesions lesions 

258 197 

1 12 213 


1 


2 

7 

1 


1 

1 

1 

8 

6 


The inherited factors other than the factor for the focal melanosis, 
me, are the familiar ones : yellow ()'^), white (w), miniature (m), Beadex 
(Bx), cross-veihless (cv), vermilion (v) and forked (f), distributed 
along the length of the sex chromosome. 

The data in the foregoing tabulation agree with those of the previous 
cross in showing the gene’s locus to be at the left of vermilion and near 
it. So far as the flies which may be counted as live adults are concerned, 
it acts nearly as a lethal factor. It is evident that the chromosome 
change also markedly affects the rate of crossing over, the amount 
being reduced from 56 per cent for the 3 '^ellow to forked region to only 
4 per cent. The crossing over rate in the yellow to vermilion region 
is normally 33 per cent. In the presence of the gene, tentatively desig- 
nated as me, it is reduced to 0.7 per cent. The vermilion to forked 
region suffers a reduction to 3.3 per cent from a normal of 23 per cent. 
This reduction in crossing over is not primarily due to the gene for 
melanotic lesions as is shown from data on an independent mutation 
produced by roentgen ra 3 ’-s in the same locus. This second mutation came 
as the result of a later experiment with roentgen rays. Males containing 
mature sperm were treated with 26,620 electrostatic units from a chro- 
mium target tube. These males were bred as in the first experiment. 
The F„ male progeny showed the same black pigmented spots as those 
of the "first mutation. In all respects the somatic effects of this gene 
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resembled those of the first. Flies containing the second gene were 
crossed with those having the first gene. The progeny showed the genes 
to he the same or at least allelomorphic. The linkage test showed the 
following crossover values with yellow cross-veinless vermilion forked. 
The yellow to cross-veinless crossover ratio was 9.4 per cent; cross- 
veinless to 1UC, 17 per cent; iuc to vermilion, 3.8 per cent, and vermilion 
to forked, 28 per cent. Considering the total amount of the data, sixty 
flies, all of these percentages arc well within the standard values. The 
locus of the gene for the focal necrosis of the femur-tihia joint may 
consequently he placed in the sex chromosome at 29. This locus corre- 
sponds with that of another gene, described some years ago as producing 
a somewhat similar effect. This ascutex gene was located at 28 units. 

The mode of inheritance of focal melanosis of the leg joints has made 
it possible to maintain the disease for over one hundred generations of 
progeny since the first fly with lesions appeared. During this time no 
fly showed an}' trace of the lesion unless it carried the genetic constitution 
for it. As in every culture bottle about half the population was without 
the gene producing focal melanosis, this half acted as normal controls 
for the other half having it and showing it hy the lesions of the leg joints ; 
it follows that interpretation of the disease as contagious is ruled out. 

That the melanosis is dependent on the proper genetic constitution 
of the given body cells is critically demonstrated hy a fly representing 
an accident of development. The left side of this fly was male and 
had only one sex chromosome which chanced to carry the gene for this 
melanotic degeneration of the joints. The right side of the fly was 
female and had two sex chromosomes, one carrying the gene for the 
focal melanosis, the other having the yellow, white, miniature and Beadex 
factors as well as the normal allelomorph of the focal melanosis gene. In 
crosses the focal melanosis gene behaves as a recessive. One would 
therefore expect that since it is homozygous on the left, or male side, 
of the fly that focal melanosis would he noted on this side. Such lesions 
were found, the melanosis on the .second and third legs being rather 
extreme. Similarly on the female side, where the cells are only hetero- 
zygous for the focal melanosis gene, one would expect no lesions. Care- 
ful examination of the femur-tihia joints showed them to he perfectly 
healthy. The fortunate loss of the yellow, white, miniature Beadex 
chromosome from half of this fly’s body has thus shown clearly the 
dependence of focal melanosis on the genetic constitution of the par- 
ticular cells in the region where degeneration is to take place. 

COMMENT 

Focal melanosis of the femur-tibia junction in these flies has been 
shown to have its ultimate etiology in a single sex-linked factor. This 
gene’s locus within the chromosome is about 29 units from the left end. 
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The disease-producing factor appeared as a result of a specific 
alteration in gene material located within a minute region of the sex 
chromosome. The agent initiating these changes was roentgen rays 
from copper in one case and from chromium in another. The melanosis 
is completely suppressed in the heterozygous animal by the action of 
the normal allelomorphic gene within the nuclear structure of the same 
cell. In a fertilized egg this gene for focal melanosis is presumably 
carried to each cell of the developing embryo by the successive divisions 
of the cell. It reacts only at the time when the processes of differentia- 
tion are essentially completed as a specific degeneration of a given group 
of cells. Since such a gene is capable of being carried to any of the 
future generations of progeny by breeding, it follows that the focal 
melanosis has unlimited possibilities of spread in the population. 

This statement of the conclusions to be drawn from the evidence 
for the germinal origin of the lesions seems clear. The manner in which 
the gene acts in the embryologic development of the organism is not so 
evident. From examination of the formed fly as it is found in the late 
stages of pupal development one finds no traces of the melanotic focal 
lesions grossly evident in the imago. There may be some slight thinning 
of the legs at the joints, but there are no obvious lesions. The condition 
appears to arise rather suddenly at or near the time of emergence of 
the fly from the pupa case. Flies which show the lesions when kept 
alive for a period of time show no growth of the involved area. From 
these facts the case for the embryologic changes involved may be 
regarded somewhat as follows: The normal potentialities for growth 
differentiation of the leg joints are present and are exercised in the 
embryologic development of the affected flies. These tissues when 
formed have a defective vitality owing to the presence of the gene under 
discussion. In the stress of emergence from the pupa and in favorable 
environmental conditions the defective tissue of this strictly localized 
area is changed to form the pigmented residue noted as the end-product 
of the reaction. Such changes, while they strike the imagination because 
they are disease-producing, are not new. Like changes of the end-prod- 
ucts of gene control in embry'-ologic development are familiar enough in 
normal development as, for instance, the differentiation of no pigment 
versus brown pigment in the eye of man. It is not commonly seen in 
cases like that described here, owing, I presume, to the fact that, should 
the lesions involve vital organs in the early development, little or no 
trace of the embryo would be left to study. As indicated elsewhere ^ 

3. Gowen and Gay.^ Morgan, T. H.; Bridges, C. B., and Sturtevant, A. H.: 
The Genetics of Drosophila, The Hague, M. Nijhoff, 1925, p. 10. Muller, H. 

The Problem of Genic Alodification, Proc. Sth Internal. Genetics Cong., Ztschr. f. 
indukt. Abstammungs-u. Vererbungsl. (supp. vol.) 1:234, 1928. 
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it is just such cases whicli arc most frequently noted in the gene muta- 
tions studied in genetic research. 

The study of intra-uterine amputations iti man leads Streeter to 
like views, although in those cases the evidence for the genetic nature 
of the defects cannot be made so precise owing to the technical difficul- 
ties of the material. The emhryologic evidence leads to the view that 
these amputations are of germinal origin. In these cases sharply cir- 
cumscribed areas of limb-bud tissue are of such inferior quality that only 
imperfect histogenesis occurs. The.sc areas maintain themselves only 
in the earlier weeks of pregnancy. By the fourteenth week they arc 
fibrous moribund masses, and when these .slough away, the limbs .show 
depressions, grooves or healed stumps. 

Similar focal deficiencies have been noted in cattle. Hadley has 
shown that the progeny of certain animals of the Johanna and Sarcastic 
Lad families of Holstein-Friesian cattle produce offspring with con- 
genital epithelial deficiencies. 'J'he.sc deficiencies tend to he localized in 
the extremities. Frequently the epithelium is not intact below the knees 
or hocks or on the muzzle, mucous membrane of the nostrils, tongue, 
hard palate and cheeks, ddie ears and dew claws are often deformed. 
Animals with this defective epithelium arc unable to survive, since bac- 
teria easily penetrate the open surfaces and produce fatal septicemia. 
The genetic data indicate that this type of focal deficiency is dne to a 
single mendelian factor. 

Focal deficiencies may include constituents of a circulating tissue 
as well as those of the fixed tissues. Such a deficiency occurring in 
mice was formerly thought to be completely lethal " but has since been 
shown by De Aberle ” to be a focal deficiency of the hemoglobin of the 
blood. The mice having the genetic factor for this deficiency in a homo- 
zygous condition have only about a third the hemoglobin present in the 
blood of normal mice. The deficiency brought about by this gene may 
be obviated in part by the injection of normal blood into the mouse with 
a defective genetic constitution, as shown by Gowen and Gay.® 

4. Streeter, George L. : Focal Deficiencies in Fetal Tissues and Their 
Relation to Intra-Uterine Amputations, Washington, D. C., Carnegie Institution, 
1930, publ. 414, p, 1. 

5. Hadley, F. E.; Congenital Epithelial Defects of Calves, J. Hered. 18:487, 
1927. 

6. Little, C. C. ; The Inheritance of Black-Eyed White Spotting in Mice, 
Am. Naturalist 49:727, 1915. 

7. De Aberle, S. B. : Hereditary Anemia in Mice and Its Relation to Dominant 
Spotting, Am. Naturalist 59:327, 1925. 

8. Gowen, John W., and Gay, E. H. : Phj'siological Factors Necessary to 
Alleviate Genetic Lethal Anemia in Mice, Am. Naturalist 66:289, 1932. 
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The cases. which seemingly most nearly parallel that described here 
are those of tumors in larva and adult Drosophila as described by Stark.® 
Two different tumor-like growths have been described. The first of 
these is characterized as an irregular darkly pigmented growth of epi- 
thelial origin. The cells near the center are large, polyhedral, spheroidal 
or fusiform. Pigment is present both within and outside the cell. 
Toward the periphery the cells become flattened and closely crowded 
together, forming laminated layers of pigment giving to the tumor the 
appearance of encapsulation. The growths may occur in the proven- 
tricular ganglion, salivary glands or imaginal rudiments of the thorax 
and abdomen. Larvae carrying these growths never survive to pupate. 
The ultimate agent which causes the growths to appear is a gene, lethal 7, 
located at 0.3 in the sex chromosome. It is limited to flies which have 
the proper genetic constitution, no evidence for any secondary effect of 
an outside pathogen being manifest. 

This case of lethal 7 differs from focal melanosis of the femur-tibia 
joint in having a much wider range of foci in which its effects may 
manifest themselves. The tumor condition is quite toxic; larvae showing 
the tumor seldom live more than fifteen hours, whereas flies with the 
focal melanosis of the leg joints live for quite a long period, providing 
the lesion is not so extreme as to prevent locomotion. The pigment 
tumors produced by the lethal 7 gene show a continuous increase in 
size while under observation. The lesions of the leg joints, on the 
other hand, appear to remain of the same size once they are produced. 

The second growth studied by Stark ® is a benign tumor dependent 
for its expression chiefly on two genes, one in the third chromosome and 
one in the second chromosome. These pigmented growths may occur 
in any segment of the larva. The cells are rounded or polygonal and 
pigmented. If, perchance, the tumor cells happen to invade the imaginal 
disks of the appendages, they check the development of these parts. A 
larva showing the growth may pupate, emerge as an adult, and still carry 
the tumor. The growth visibly increases in size. 

In a number of their effects these growths resemble those of the 
focal melanosis of the leg joints as here described. There are, however, 
equally important differences which are, I believe, sufficiently marked 
to suggest a different mode of action for the genes producing the defects. 
The fact that the lesions of the femur-tibia joint appear after the fly 
emerges as an adult, when it is known that the joint is completely formed 
in the pupa, suggests a distinctly different process from that seen in 
the abnormal growths of lethal 7, etc. This view is strengthened by 
the fact that the lesion, although variable in extent, does not seem to 

9. Stark, M. B.: An Hereditar}- Tumor in tlie Fruit Fly, Drosophila, J. 
Cancer Research 3:279, 1918. 
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alter its size when flics havins^ it are isolated and kept for two or three 
weeks. The fact that when examined in the pupa this joint appears 
thinner than normal — although apparently normal in its tissues — gives 
still further weight to this view. 'I'lie chain of observations suggests 
that this gene causes the formation of cuticular tissue of inferior quality, 
although apparently normal in appearance, and that this tissue, in the 
strain and stress of emergence from the pupa case, alters its course of 
development, giving focal degeneration of the leg joints, d'he parallel 
seems to be greater between this lesion and those observed in man by 
Streeter ‘ than between it and the tumors described by Stark. 

SUM.ArAKV 

This report presents a studj- of a focal melanosis of the femur-tibia 
articulation in Drosophila mclanogaster. The focal melanosis is induced 
through the action of a gene located in the middle portion of the sex 
chromosome, 29 units, mutated twice by roentgen rays, once by 8,920 
electrostatic units from a copper target tube and again by 26,620 electro- 
static units from a chromium target. The lesion is grossly evident in 
the imago shortly after emergence, as a dark melanotic degenerate' mass 
at the articulation of the femur and tibia. The eft'ect is somewhat 
variable. It may involve one or all the legs to a variable extent. Flics 
having the focal melanosis arc usually found dead. The condition is 
in no way contagious to other flics. Sections show that the melanotic 
areas are localized at the ends of the femur and tibia in the cuticular 
layer and its underlying ectoderm. In chemical solubilities the black 
pigmented masses left in the tissue degeneration behave like melanin 
pigment. 



THE AGE OF PREGNANCY 


HISTOLOGIC DIAGNOSIS FROM PERCENTAGE OF ERYTHROBLASTS IN 

CHORIONIC CAPILLARIES 

C. S. RYERSON, M.D. 

AND 

S. SANES, M.D. 
buffalo 

A simple, reliable method of estimating the age of pregnancy from 
histologic examination of placental fragments would satisfy more than 
the mere academic interest of the pathologist. Its medical and legal 
benefits appear obvious. Various methods reported in the past have 
apparently missed application in j-outine laboratory work because of 
their dependence on qualitative criteria as standards of comparison, 
unvarying technic in the preparation of material and individual experi- 
ence in judgment. Variations in the multiplicity and size of chorionic 
villi, differences in the densit}^ of their stroma and the number of outer 
la3^ers were emplo3'ed to distinguish between early and late pregnancies. 

By means of the present study we wish to call attention to a his- 
tologic method of determining the age of pregnancy early in its develop- 
ment, which has proved its practical worth in our laboratory since its 
introduction by Dr. Kernel Terplan three 3Tars ago. Based on the 
maturation of red blood corpuscles in the fetus, with their development 
from nucleated to nonnucleated forms, and a differential enumeration 
of these elements in chorionic capillaries, this method palpabl3'^ eliminates 
personal factors in interpretation and furnishes results which can be 
expressed in quantitative terms. The Quarterly Ctnimlative Index 
Medicus and the monographs of Me3'^er ^ and Frank - reveal no refer- 
ence to a S3?stematic investigation identical with ours. Williams,^ how- 
ever, in a discussion of placental chronolog3'-, wrote : “It should be 
remembered that during the first 8 to 10 weeks of pregnancy the blood 
cells of the fetus are nucleated, but afterward the nuclei are lost.” 


PROCEDURE 

One hundred consecutive specimens labeled “placental tissue” and bearing trust- 
worth}'^ clinical data were received following delivery, curettage, abortion or opera- 
tions for tubal pregnancy. Each specimen was fixed for sixteen hours in 10 per 
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Fig. 1. — Percentage of nucleated red blood cells in the cliorionic \illi of seventy 
placentas of various ages. 



Fig. 2. — A, villus showing capillaries filled with nucleated red cells (low power 
magnification) ; B, corpuscles in a chorionic capillary in a six weeks’ pregnancy 
(immersion in oil) ; C, corpuscles in a chorionic capillary in a two months’ preg- 
nancy (immersion in oil) ; D, corpuscles in a chorionic capillary in a pregnancy 
of three months or over (immersion in oil). 



C50 


ARCHIVES OF PATHOLOGY 


cent formaldehyde. After being dehydrated in alcohol and chloroform, the tissue 
was embedded in paraffin. Sections were cut 8 microns in thickness and stained 
with hematoxylin-eosin. With low power magnification, villi containing capillaries 
were located. Then from 100 to 200 red cells were counted while the specimens 
were immersed in oil, the whole process consuming not more than a few minutes 
for each slide. The proportion of nucleated and non-nucleated cells was calculated 
in percentages. In several cases differentiation of megaloblasts from normoblasts 
was attempted. The age of pregnancy was deduced from the patient’s history, 
conception being postulated as having occurred seven days following the last 
menstrual period. Not infrequently information relative to the size of the uterine 
cavity, measured at the time of curettage, and to the length of the fetus offered 
supplementary control material. 

OBSERVATIONS 

Of the 100 specimens examined, 30 had to be discarded as unfavor- 
able for study because of extreme autolysis or scarcity of villi. In the 
remaining 70, gradual replacement of nucleated by non-nucleated red 
cells took place rapidly and almost completely during the second and 
third months of pregnancy. The accompanying graph shows the per- 
centage of immature red corpuscles in the 70 fragments, correlated with 
the respective ages of the specimens. Before the sixth week the capil- 
laries showed 100 per cent erythroblasts. After the third month normo- 
blasts could be found only in the ratio of 1 to several thousand mature 
corpuscles. Finer classification of non-nucleated forms into megalo- 
blasts and normoblasts was possible in cases of very early pregnancy. 

COMMENT 

This study brings out the fact that gradual replacement of erythro- 
blasts by mature red cells in chorionic capillaries occurs at a rate definite 
and constant enough to warrant its forming the basis of a histologic 
method of determining the age of pregnancy from placental fragments. 
If all the chorionic corpuscles are nucleated, the pregnancy is probably 
not older than two months. If more than 1 per cent are nucleated, the 
age is less than three months. If fewer than 1 per cent of the red cells 
are immature, pregnancy has passed beyond three months. Abnormal 
erythropoiesis constitutes the chief factor of error in this method. 
Otherwise, no special training is required for its use. Small fragments 
of tissue fixed and stained by the usual technic suffice. With practice, 
no more than a few minutes need be taken for calculation. Readings 
can be recorded as actual figures rather than as personal opinions of 
visual observations. As a consequence of this last feature, enumeration 
of chorionic red corpuscles in a fetus with normal erythropoiesis 
assumes a rather independent diagnostic value, especially in cases of 
early pregnancy in which the history is false or confusing and in wdiich 

medicolegal problems are involved. 

Mention must be made of several implications incidentally brought . 
out by our study. We were early impressed by the fallibility of mea- 
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surements of the uterine cavity obtained l)y sounds, as compared with 
other methods of diagnosing the age of pregnancy. 

Of special significance was the relation of our figures to the pre- 
sumptions commonly accepted iw different authors concerning the rate 
of disappearance of nucleated red cells, their persistence in the fetus in 
late pregnancy and their presence at birth. Standard textbooks state 
that normoblasts are found in moderate numbers in infants born at term. 
Further, they infer that maturation occurs gradually and over an 
extended period. Such views are held by many. Our observations, in 
addition to suggesting that the disappearance of erythroblasts takes 
place rapidly during two months. su])port the belief of Loos,' J-Iayem,"’ 
Lewis and Bremer and Starling that nucleated red cells do not occur 
normally in the new-born or are very rare. In smears from 13 new- 
born infants, Forkner " found nucleated red cells in only 5. From her 
work, Heath ^ considered low counts (less than from 1 to 2 per cent) 
physiologic. Counts so low would not be reflected in the total number 
of red cells (from 100 to 200), which we inspected. Smears from new- 
born infants were used to check the full term placental specimens. The 
same infrequency of nucleated red blood cells was noted. 

Whether hematologic examination of chorionic capillaries in late 
pregnancy and at deliver}' can be used as a means of predicting and 
prognosticating various pathologic conditions, such as fetal dropsy, 
icterus gravis neonatorum, anemias of the new-born, prematurity and 
stillbirth (from fetal erythroblastosis), is an arresting matter for 
speculation. 

SUMMARY 

In an effort to formulate an additional histologic method of diag- 
nosing the age of pregnancy, 70 placental fragments were examined, and 
differential counts of the number of nucleated and non-nuclcated red 
cells in the chorionic capillaries at different periods of gestation were 
made. Replacement of nucleated by non-micleated forms took place 
rapidly and almost completely during the second and third months. 
Therefore, if all the chorionic corpuscles are nucleated, the pregnancy is 
probably not older than two months. If more than 1 per cent are 
nucleated, the age is less than three months. If fewer than 1 per cent 
of the red cells are immature, pregnancy has passed beyond three 
months. 
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SUBCUTANEOUS NODULES INDUCED BY THE INJEC- 
TION OF STREPTOCOCCUS VIRIDANS 

SPECIFICITY OF THE LESION AND ORIGIN OF THE POLVBLASTS 

7 

LYDIA LUX 

MINNEAPOLIS 

In a series of reports, Clawson has described the nodule associated 
with acute rheumatic fever. In 1928 he ^ gave a general description of 
the inflammatory reaction involved. He described the nodule as a “local- 
ized area of inflammation, mostly proliferative in character, found in 
the loose connective tissue beneath the skin in a limited number of 
cases of acute rheumatic fever.” These nodules, he stated, appear 
to be similar in morphology to those produced experimentally in rabbits 
by the injection of Streptococcus viridans. In 1929 Clawson - co'm- 
mented on the cellular morphology of the nodule and pointed out that 
the rheumatic nodules should not be regarded as a specific anatomic 
lesion in the same sense as the tuberculous or syphilitic lesion. In 1930 
he ® described the reaction in normal, immune and hypersensitive animals 
and concluded that the reaction in hypersensitive animals differed in 
no wa}^ qualitatively from that in normal and immune animals. This 
view is in accord with that of Maximow. In his work on mesenchymal 
reactions Maximow ^ said regarding allergic reactions, “As far as one 
can judge by the still modest accumulations of facts available at present, 
the differences, as compared with the histogenesis of common inflam- 
mation, are quantitative, rather than qualitatii^e.” Von Mollenclorff® 
agreed that the reaction in a h^^persensitive animal differs from that 
in a normal animal only in degree. 

The question of the origin of the free nongranular phagocytic cells 
in the field of reaction of these lesions is of great importance in this 
problem. Clawson ® stated that they are both hematogenous and histo- 
genous in origin. McEwen “ described a cell derived from the “undiffer- 
entiated mesenchyme” of the loose connective tissue, which he thinks 
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is specific for the lesion. This cell will he discussed later. Both Clawson 
and McEwen referred in detail to conclusions of various earlier workers 
regarding the origin of these cells : hence it is unnecessary to consider 
them here. 

In this investigation, questions concerning the specificity of the 
lesion, the behavior of the fibroblasts and the origin of the free 
phagocytic cells were given special consideration. 

MATERIAL AXD METHODS 

The material consisted of nodules removed from l)yi)erscnsitivc adult rabbits 
that had been killed at intervals of six and twelve honrs, one, two, three, four, five, 
seven and nine days after they had been given multiiilc injections of Streptococcus 
viridans. 

These animals liad been made hypersensitive I>y a subcutaneous injection of 
about 5 cc. of a heavy suspension of melted agar and strciitococci. A large abscess 
developed at the point of injection. Twelve days later, at the time which had 
been previously determined to be liest for the formation of subcutaneous nodules, 
the multiple injections mentioned were made into the Iiack of the animals on the 
side opposite the one with the large abscess. 

The organisms were cultured in a broth tube for forty-eight hours, allowed 
to settle to the bottom of the tube and then decanted. A suspension of the 
organisms was then made up with 10 cc. of jihysiologic solution of sodium chloride, 
and 0.1 cc. of this suspension was used for each of the subcutaneous injections. 
This dosage proved to be the minimum amount that would produce nodules in 
normal animals, as previously determined by Clawson.-' 

Several nodules tverc removed from each animal. A middorsal incision was 
made, the skin was laid back, and the nodules were found in the tissue adhering 
to the skin. These nodules appeared as wliite areas, variable in size and not 
always easily distinguished from the surrounding tissue. 

The removed nodules were fixed for six hours in Zenker’s fluid to wliich a 
dilute solution of formaldehyde had been .added and were washed in running water 
for twenty-four hours. The parafiin method of embedding was used, and serial 
sections were made in some instances. Hematoxylin and cosin, methjd green and 
pyronine, and Maximow’s hematoxylin-eosin-azure stains were used on many of 
the sections, while Dominici’s stain was used as a routine procedure. 

MICROSCOIHC STUDY 

Low Power Magnification . — The cellular infiltration was diffuse up to the 
one day stage, while the later stages showed either single or multiple formation 
of abscesses. The one day stage showed a slight amount of degeneration, while in 
the four day stage there was an abscess with a central area of necrosis. Abscesses 
with necrotic centers were present in all of the following stages, but none of these 
showed evidence of hyalinization. 

Edema was marked in the early stages, but after five days little was noted, 
and it was completely absent in the nine day stage. 

Hemorrhage appeared irregularly throughout the series, but it was most marked 
in the two day stage. 

Increased vascularity was noted in all stages, the blood vessels appearing dilated. 
Migration of cells was more pronounced in the early stages of the reaction than 
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after the four day stage. The walls of the blood vessels were thickened in many 
instances but never to the extent of occlusion of the lumens of the vessels. 

The fourth daj'^ was the earliest stage in which there was definite orientation 
of fibroblasts suggesting formation of capsules. In the five day stage the number 
of fibroblasts had increased and the capsule had taken a more definite form. In 
the last two stages the abscess was completely surrounded by a definite layer of 
fibroblasts. In all stages there was an increased vascularity in the areas of fibro- 
blastic proliferation. 

Throughout this material there could be noted special areas characterized b}' 
marked vascularity. Such areas had no obvious relation to the nodules, but the 
thickening of the walls of the vessels indicated that they were involved in the 
reaction. In some instances there was marked perivascular lymphocytic infiltration. 

High Power Maguification . — Edema was one of the earliest responses following 
the injection of the organisms. It increased progressively in the later stages, 
reaching a maximum about the fifth day, after wliich it became less marked. None 
was noted after the seven day stage. 

In all stages there was considerable hemorrhage into the area of reaction. It 
was most marked, however, in the two day stage. 

Cellular infiltration was also an earlj' feature of the reaction. Many poly- 
morphonuclear leukocytes and lymphocytes and a few monocytoid cells and eosino- 
phils were present in the early stages, but the polymorphonuclear leukocyte was 
the predominating cell type. There was some degeneration of polymorphonuclear 
leukocytes in the six hour stage, and this increased in degree as the reaction 
advanced. Formation of abscesses was noted as early as the one day stage, the 
abscesses being multiple in many instances. After three days these abscesses were 
found to have necrotic centers, but there was no evidence of hyalinization. Degen- 
eration of cells, e.xcept within the area of the abscess, was no longer a prominent 
feature after the fifth day. 

Comparatively few lymphocytes were present in the six hour stage, but they 
increased in number in the later stages. Beginning with the two day stage, they 
showed a tendency to collect around the blood vessels. 

Migration of leukocytes became less prominent as the reaction advanced, but 
even in the latest stages studied it could be noted. 

Few polyblasts were present in the six and twelve hour stages, and only an 
occasional one was actively phagocytic. After the twelve hour stage there was a 
marked increase in the number of phagocytic cells, and some were still present in 
the nine day stage. In the one and two day stages many of the lymphocytes had 
increased in size, and transitional forms from lymphocyte to polyblast were a con- 
spicuous feature. Even in one microscopic field one could trace all the stages, 
from small lymphocytes, through hypertrophic intermediate stages, to active phago- 
cytic polyblasts, as is shown in the illustration. The Ijmiphocytes, such as cells 
1 and 2, were found in great numbers in some areas. From the transitional forms 
one could assume that as the Ijmiphocytes enlarged, their cytoplasm became less 
basophilic, and in many instances vacuolated. The coarse nucleus became less 
dense in structure and assumed an irregular or indented form. This series of 
changes is shown in cells 1 to 5. However, many cells retained their original size 
and were less basophilic but contained some engulfed material. Many of the large 
phagocytes were loaded with granules from polymorphonuclear leukocjdes, nuclear 
remnants from degenerating leukocjdes and erythrocytes. 

Among the fibroblasts found in the early stages many were large and swollen 
in appearance. The outline of the cell was indefinite, and processes were no 
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longer evident. The cyloi)ln.‘;in was pale and vacuolated, giving the cell a si>ongy 
appearance. In many instances the boundary of the cell could ikH he made out, 
and the cytopla.sm appeared scant or even completely lacking. The nucleus was 
large and pale. Nucleoli were always present in varying numbers, but usually 
two were noted. Tlie remainder of the fii)roI)Iasts varied widely in appearance, 
some being practically normal .si)indle cells while others were guitc rounded, with 
deep basophilic cytoplasm and irregular cell otttline.s. 

After the one day stage the fibroblasts increased in number as the reaction 
advanced, .‘\ltbough there was some suggestion of concentric orientation of fibro- 
blasts in the three day stage, the fourth day was tlic first in which lliere was 
definite formation of a capsule. In general, in the later stages tliere was an 



The illustration was drawn from sections stained with Dominici’s eosiii-orange- 
G-toIuidine blue. Cells 1 to 5 are from the subcutaneous tissue of adult rabbits two 
days after injection. 7 hey show the transition of lymphocyte to polyblast. Cells 
1 and 2 are small lymphocytes; cells 3 to 5, polyblasts of lymphocytic origin. A 
single field is represented. Cells 6 to 10 are from subcutaneous tissue of adult 
rabbits five days after injection; cell 6, a fibroblast drawn from the periphery of 
the newly forming capsule ; cell 7, a fibroblast from a zone between tlie capsule 
and a nearby vascular area ; cells 8 and 9, fibroblasts from a field close to a 
vascular area near the capsule; cell 10, a polyblast from this same field. 

increase in the thickness of the cap.siilc accompanied by a marked increase in 
vascularity. 

Beginning with the one day stage, where fibroblasts started to increase in 
number, there was an increase in the variety of types of fibroblasts seen, which 
reached a maximum on the fifth day. Cells 6 to 9 were drawn from this stage 
to show the extreme variation in form. In general, the small forms had a deeply 
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basophilic cytoplasm ; some were almost round. They assumed the flattened form 
as one approached the area in which the capsule was being laid down. Cells 6 to 9 
illustrate some of the more extreme forms. These resembled in certain ways the 
damaged cells described in the early stages. They had a pale vacuolated cytoplasm, 
but they were more branched and had a more definite cell boundary than the 
damaged cells. Furthermore, the nucleus was not as pale. It was not possible to 
follow the damaged cells through the three and four day stages and to establish 
with certainty their relation with the extreme forms seen in the fifth day. 

The fibroblasts at no time proved to be phagocytic, though they were found 
in areas where degenerating leukocytes and many active phagocytic polyblasts were 
present, as is shown by cells 9 and 10 which were in the relation depicted in the 
illustration. 

The capsule completely surrounded the abscess after the four day stage. At 
the junction of the abscess with the inner surface of the capsule there was a 
considerable number of phagocytic polyblasts present, and at several points the 
fibroblasts were beginning to penetrate the central necrotic mass. This penetration 
by the fibroblasts was particularly marked in the seven and nine day stages. 

In all stages of the reaction there was a dilatation of blood vessels. There 
was also a marked thickening of the endothelium, and in the earlj’’ stages there 
was some suggestion that free cells were being liberated into the lumen. In some 
places it appeared that the vessel had become entirely disorganized, leaving a mass 
of fibroblast-like cells, the exact origin of any one of which could not be deter- 
mined. This was especially noted in the two, three and four day stages. 


COMMENT 

The specificity of rheumatic nodules has been a much discussed 
question. In 1904 Aschoff described this type of inflammatory reac- 
tion as specific for acute rheumatic fever. Sometime later Coombs,® in 
his work on rheumatic infections, also stated that this type of lesion 
was specific for rheumatic fever. In 1914 Thalhimer and Rothschild ® 
confirmed that opinion when they reported that in rheumatic myocarditis 
foci termed “submiliary nodules of Aschoff are present which are 
characteristic of rheumatic infections.” 

Contrary to this point of view, Clawson ® in his report on the Aschoff 
nodule found that rheumatic nodules cannot be considered as charac- 
teristic of rheumatic fever. He stated that they are more commonly 
found in association with acute rheumatic fever, but that they are also 
found in cases of nonrheumatic infectious diseases. He did not consider 
the histologic picture distinctive for this type of lesion. 

It has already been stated that Clawson ^ concluded that the experi- 
mental nodules were similar in histology to the nodules found in sub- 
cutaneous tissues in cases of acute rheumatic fever. 

Ill the material studied here, the early stage was essentially exudative 
with a subsequent break'down of the central part of the area involved. 

7. Aschoff. L.t Verbandl. d. deutsch. path. Gesellsch. 8:46, 1904. 
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The abscess was then surrounded by a reaction field occupied by free 
ameboid phagocytic cells of various sizes. In the later stages emigration 
of hematogenous cells was still taking place to some extent. The cells 
of the lymphoid series were becoming more numerous in relation to 
the granulocytes. 

The fibroblasts were involved from the start. They soon lost their 
processes, increased in size, and in general showed changes that appeared 
to be degenerative. They began to increase in number after the one 
day stage, and this increase was particularly marked on the third day 
when they began to participate in the formation of a capsule. From 
this point on the picture was one of fibroblastic proliferation. Obviously 
there was overlapping of these processes. 

This general description as well as the detailed microscopic study 
on which it is based shows that the course of events here corresponded 
closely with that well established for inflammatory reactions in general. 
These observations therefore in no way support the contention that 
the lesion shows a characteristic histologic picture. 

ORIGIN* OF FREE NOKGR.VNULAR PII.VGOCVTIC CELES 

Clawson ^ found evidence that the phagocytic cells in these nodules 
were both hematogenous and histogenous. 

McEwen ® studied the large irregularly shaped cells found in scrap- 
ings of subcutaneous nodules removed from patients with rheumatic 
fever. From the results of supravital staining he concluded that 
these cells took origin from the undifferentiated mesenchyme of the 
loose connective tissue. He based his conclusion on the fact that the 
“granuloma cells’’ did not take up neuti'al red in supravitally stained 
preparations, whereas other cells took up various amounts of dye accord- 
ing to their nature. As additional evidence that these cells are undiffer- 
entiated he points out that they exhibit developmental tendencies ; that 
is, a limited number of them take up particles of carbon. He believes 
that certain transitional forms indicate that they may be transformed 
into fibrocytes. 

Regarding the origin of free nongranular cells in nonspecific inflam- 
matory processes, there are two schools of thought. As early as 1905 
Maximow described septic and aseptic inflammatory reactions and 
stated that the origin of polyblasts from hematogenous cells was evident, 
but that fibroblasts contributed in no way to tbe phagocytic cells present. 
The fibroblasts in the immediate field he described as showing degenera- 
tive changes with the nucleus shrunken in appearance and a much 
vacuolated cytoplasm. The fibroblasts more distant from the field of 
reaction were forced apart but not altered. 


10. Maximow, A.: Beitr. z. path. Anat. u. z. allg. Path. 38:301, 1905. 
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In 1927, Maximow ^ discussed in detail the cells involved in inflam- 
matory reactions. He stated that the polyblasts originated from lympho- 
cytes and monocytes and to a lesser degree from the histiocytes of the 
connective tissue. He found no evidence for the origin of ameboid 
phagocytic cells from endothelium of blood vessels and cited the work 
of Lang and Stilwell as corroborating this view. He claimed that 
the endothelium merely formed capillary sprouts and that in inflam- 
mation and culture of tissue some of its cells became fibroblasts. In 
all of his work, Maximow found no evidence of fibroblasts becoming 
phagocytic polyblasts. He noted,^® however, in his cultures of lymph 
nodes inoculated with tubercle bacilli, an “embryonic transformation” 
of the fibroblasts which he considered as a “specific” reaction of these 
cells to the tubercle bacillus. 

Two years later when Maximow repeated the work of von Mdl- 
lendorflf with subcutaneous injections of trypan blue, he again found 
that most of the polyblasts in the field of reaction took origin from 
hematogenous lymphocytes and monocytes, and that after two days 
phagocytes derived from lymphocytes could not be distinguished from 
those that originated from monocytes. 

In 1925 Maximow postulated the “undiflfei'entiated mesenchyme 
cells” of connective tissue, which morphologically appear to be fibro- 
blasts but differ physiologically, since they are presumed to have 
practically unlimited developmental potencies. The undifferentiated 
mesenchyme cells in contrast to histiocytes do not store colloidal dyes. 
These cells are found particularly along blood vessels. 

Bloom injected a suspension of Bacterium monocytogenes into 
a rabbit subcutaneously. An abscess developed which was similar to 
reactions due to other inflammatory stimuli. He noted that the phago- 
cytes of the abscess were practicall}" exclusively of hematogenous origin. 
He stated that “in none of these inflamed tissues was there any evidence 
in favor of the special leukocytes and exudative mononuclear phagocytes 
developing either from fibroblasts or fi’om vascular endothelium.” 

Michels and Globus,^" in their descriptions of infiltrations of round 
cells in the central nervous s 3 '-stem, stated that in dementia paralytica 
and in encephalitis the vast majority of exudate cells originated from 
emigrated lymphocytes and monocytes and that a small number were 
“homoplastic derivatives of preexistent or previously extravasated 

11. Lang, F. : Arch. Path. 1:41, 1926. 

12. Stilwell, F. : Folia haemat. 33:81, 1926. 

13. Maximow, A.: J. Infect. Dis. 34:549, 1924. 

14. Maxitnow, A.: Beitr. z. path. Anat. u. z. allg. Path. 82:1, 1929. 

15. Maximow, A.: J. Infect. Dis. 37:418, 1925. 

16. Bloom, W. : Arch. Path. 6:995, 1928. 

17. Michels and Globus: Arch. Path. 4:692, 1927; 8:371, 1929. 
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lymphoid cells.” Formation of exudate cells from the so-called adven- 
titial cells of Marchand or any otlier fixed connective tissue cells was 
not noted in their work. In all instances, even when i>eri vascular infil- 
tration was maximal and connective tissue was hypertrophic, they found 
no rounding of fibroblasts and no amito.sis. ' 

The point of special interest in tliese contributions is the fact that 
they present no evidence in favor of the origin of polyblasts from 
fibroblasts. 

On the other side of this question we find that as early as 1911, 
Downey called attention to the participation of fibroblasts in the 
formation of plasma cells. In his work on the structure and origin 
of lymph sinuses of mammalian lymph nodes he jrointed out that fibro- 
blasts ordinarily reacted .slowly to vital dyes and foreign substances. 
However, fibroblasts of the omentum, which formed an exception to 
this rule, reacted vigorously to vital dyes and foreign substances and 
readily became free cells which could differentiate into various types 
of lymphoid cells. 

Lindsey,'" under the direction of Downey, worked on reactions of 
the subcutaneous tissue to experimental tuberculosis in the guinea-j)ig. 
She regarded the fibroblasts as “relatively undifferentiated cells closely 
related to mesenchyme.” She claimed that these cells were transformed 
into exudate cells, including clasmatocytcs. monocytes, lymjihocyies, 
polyblasts and cqjithelioid cells. She found monocytoid cells originating 
locally from fibroblasts, and these represented intermediate stages in 
the formation of epithelioid cells. Similar investigations were continued 
by Downey's student, Ekola,-’ who worked on reactions of subcutaneous 
tissue to foreign substances. She found transitional stages on which 
she based the conclusion that filjroblasts gave rise to polyblasts and 
clasmatocytcs. She also found evidence for the origin of polyblasts 
clasmatocytcs and lymphocytes. 

Watson,'- also worlcing under Downey’s direction, described a case 
of histoplasmosis in whicli he made special reference to the origin of 
phagocytic cells. In the liver these cells took origin from small lympho- 
cytes, reticulo-endothelial cells of the liver sinusoids, and rarely from 
fibroblasts. He found that the macrophages in the lymph nodes were 
from two sources, the lymphocytes and reticular cells, while those in 
the lung came from lymphocytes, alveolar epithelial cells and adventitial 
histiocytes from capillaries of the lung. 

18. Downey, H.: Folia liacmat. Arch. 11:271, 1911, 

19. Downey, H.: Hacmalologica 3:431, 1922. 

20. Lindsey, M, L.; Am. Rev. Tubcrc. 19:615, 1929. 

21. Ekola, M. W.: Folia haemat. 43:4, 1931. 

22. Watson, C. J.; Folia haemat. 37:70, 1928. 
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All}’ discussion of the origin of macrophages from fibroblasts must 
take into consideration the opinions of von Mollendorfif.^® From his 
investigation of inflammatory reactions induced by subcutaneous injec- 
tions of trypan blue in mice and rabbits, he concluded that polyblasts 
were only in part hematogenous. He maintained that fibroblasts played 
an important role in the production of phagocytes and granulocytes in 
inflammation. The fibrocytes of loose connective tissue he considered 
as part of a diffuse syncytium which when stimulated gave rise to many 
large ameboid mononuclear cells. He regarded the adventitial cells of 
Marchand as a stimulated part of the net in the region of the vessels. 
The first changes noted in his experiments were granulation and r^acuola- 
tion of some of the fibroblasts with a contraction of the cell and nucleus 
and a complete separation from the net as free cells. These free 
cells, for the most part, even as early as twent3'--eight hours after 
injection, became round cells with pol3unorphous nuclei and then 
degenerated. 

One year later, while working with normal and hypei'sensitive ani- 
mals, von Mollendorff injected serum subcutaneously and found that 
after only a few hours one could distinguish transitional stages between 
fibroblasts and large basophilic round cells that finally became granulo- 
cytes and then degenerated. 

Maximow in repeating the work of von Mollendorff' found no 
proof for the origin of free phagoc3flic cells from fibroblasts. 

Lindsey agreed in part with rmn Mollendorff when she stated that 
fibroblasts of the subcutaneous tissue into which tubercle bacilli were 
injected gave rise to exudate cells. However, she found no evidence 
for the formation of pol3nnorphonuclear leukocytes from fibroblasts. 
The nuclei of man3'^ pol3Flasts became lobulated, and these, she claimed, 
looked like pyknotic potymorphoiiuclears, the granules of which had 
disappeared. 

Ekola also concluded that fibroblasts gave rise to polyblasts and 
clasmatoc3des. In many instances the intermediate forms were vacuo- 
lated and were active phagocytic cells. However, she found no evidence 
that granulocytes developed from connective tissue cells as was claimed 
by von Mollendorff. 

Bloom,-® in his excellent suininar3'^ on cellular relationships in gen- 
eral, commented on the origin of macrophages from fibrobla’sts. While 
he stated that he does not think that fibroblasts are an important source 
of macrophages in inflammatory reactions in general, he did not deny 
the possibility that the change can take place. 

23. von j\r6Ilendorff, W.. and von Mollendorff, M.; Ztschr. f. Zellforscl?. n. 
mikr. Anat. 3:503, 1926. 

24. von Atollendorff, W.: Miinchen. med. Wchnschr. 74:135, 1927. 

25. Bloom, W.: Arch. f. e.vper. Zellforsch. 11:145, 1931. 
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There arc a number of reports from workers on tissue cultures, 
beginning- with the report of Carrel'-’" in which lie stated that twice in 
fourteen years lie observed in the periphery of his cultures of embryonic 
heart muscle a spontaneous change of fibroblasts to free ameboid cells. 

Fischer,*' in 1926, in his cultures derived from chick heart which 
he regarded as pure fibroblasts, found that these fibroblasts became 
ameboid macrophages that differed from fibroblasts morphologically and 
physiologically. These cells were different from those found in dying 
and degenerating cultures. 

Parker -® found a transformation from fibroblast to macrophage in 
his culture of fibroblasts derived from heart and skeletal muscle. Only 
a limited number of his cultures showed this transformation, which 
seemed to take place at some critical period in the life of the culture 
in which degeneration was taking place at a relatively .slow rate. He 
quoted Ephrussi and liugues *" as having noted this same transformation. 

The material studied in this investigation supports the contention 
that the fibroblasts in no way contribute to the formation of phagocytic 
cells. The change iii the fibroblasts as evidenced early was essentially 
a shortening or loss of processes. The outline of the cell was irregular 
and poorly defined, and the cytoplasm was pale and vacuolated. In 
many instances the cytoplasm was scant and at times even completely 
lacking. The nuclei were large and vesicular and were often found 
in groups when no outline of cells was evident. At no time were these 
cells phagocytic, nor could intermediate forms be found to suggest any 
relation to the phagoc 3 -tic polyblasts present in the material. 

When fibroblastic proliferation began the picture changed and there 
was a sudden marked increase in fibroblasts. At no time was there a 
great number of mitotic figures or evidence of amitosis. There was 
some suggestion that polyblasts were being transformed into fibroblasts, 
but no satisfactory series of intermediate stages could be found. 

The origin of polyblasts from hematogenous cells was evident. Early 
in the reaction transitional stages between the various lymphoid cells 
which showed practicall}'- no phagocytic tendencies and polyblastic phago- 
cytes of various sizes could be readil)'^ followed, as is indicated by cells 
1 to S in the illustration. The transitional forms show a cytoplasm 
that is less basophilic and more vacuolated, while the nucleus is irregular 
in form and of a less dense structure. 

The picture here is identical with that described by the group which 
derives the polyblasts from hematogenous cells. That fibroblasts 
undergo marked changes is obvious, but there is nothing in this material 

26. Carrel, A,, and Ebeling, A. H.: J. Exper. Med. 44:261, 1926. 

27. Fischer, A.: Arch, f, exper. Zellforsch. 3:345, 1926. 

28. Parker, R.: J. Exper. Med. 5'5:713, 1932. 

29. Ephrussi, B., and Hugues, Y. : Compt. rend. Soc. de biol. 105:697, 1930. 
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to justif}' the conclusion that these changes should be interpreted as 
leading to the formation of phagocytic cells. 

Special note should be taken of the work of Lindsey and Ekola in 
their confirmation of von Mdllendorlf on this point. And the opinions 
of those working with culture of tissue, in which less complex condi- 
tions render errors of interpretation less probable, have also been cited 
in favor of the fibroblastic origin of phagocytes. 

While the particular materials and methods used in this investigation 
entirely failed to show the transformation of fibroblasts into phago- 
cytes, I am willing to admit that under other circumstances this 
transformation may take place. 

CONCLUSIONS 

The nodules studied revealed a nonspecific inflammatory reaction. 

The lymphoid cells of the exudate constitute the chief source of 
phagocytic cells seen in these lesions. 

There is no evidence that fibroblasts are transformed into phago- 
cytic cells. 
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ORIGIN AND NATURE OF 'IT-JE LESION OF 
S YMPA'JT-IILT J C O PIJ TI J ALMl A 

J. ARNOLD i.i:VEER, M.D. 

nitOOKLYN 

Even the laity is aware of tlie fact that a person sustaining an injury 
to one e3'e is liable to lose the vision in the uninjured eye bj' virtue of 
some mysterious process called sympatlu' or sympathetic disease. Many 
physicians, while generally conversant with the clinical aspects of this 
phenomenon, are perhaps as unfamiliar as are the laymen with the 
pathologic process involved. It is with this thought in mind that I am 
presenting a review of the knowledge of this unusual disease which has 
furnished the basis for an enormous volume of philosoi)hic discussion 
and intriguing although not conclusive research. 

TIIK TVI>IC.\L LKSIOX 

A small percentage of enucleated eyes show, on histologic exami- 
nation, a picture which has come to he looked on as practically 
pathognomonic of sympathetic ophthalmia. 

In sections of such eyes one finds an inflammatory lesion of the 
granulomatous type involving chiefly the uveal tissue with little involve- 
ment of other structures. There is rather diffuse or focal round cell 
infiltration of the iris, ciliary body and choroid, the degree of infiltra- 
tion being variable in the different structures but tending to involve 
the entire uvea. Among the round cells are found nests of closely 
packed epithelioid cells which frcc|ucntly contain giant cells of the 
Langhans type. The e]Mthelioid collections closely resemble epithelioid 
tubercles except for the absence of caseation. 

A striking characteristic is the constanc}^ with which the process is 
confined to the uvea. Invasion of the sclera is limited to the region 
of the emissaria, where mantles of round or epithelioid cells may be 
found surrounding the perforating I'essels and nerves. Occasionally 
there is extension into the optic nerve head, while only rarely is there 
any invasion of the retina. 

Omitting, for the moment, consideration of minor features, a pic- 
ture such as I have described could be considered fairly diagnostic of 

From the Departments of Pathology of Long Island College of Medicine and 
Brooklyn Eye and Ear Hospital. 
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this disease entity. If, in addition, it were known that the sections were 
from an 03^6 which had sustained a perforating wound in the ciliary 
region and that, prior to enucleation, the other (uninjured) e3'e had 
begun to show signs of inflammation, a diagnosis of S}anpathetic 
ophthalmia could be made -with certainty. 

DEFINITIONS 

Sympathetic Ophthalmia . — Prior to the anatomic studies of 
Schirmer and Fuchs “ and his school, the term sympathetic ophthalmia 
was understood to refer onl}'^ to the disease in the uninjured e3^e. The 
lesion in the injured eye was thought to be an ordinar}' traumatic 
endophthalmitis which in some way was communicated to the opposite 
e}'^e. These investigators showed that an anatomicall}'^ well defined and 
apparentl}'- specific form of uveitis could be found in the injured eye 
as well as in the eye suffering in S3nnpath3-. This process was desig- 
nated by Fuchs as sympathetic inflammation. 

The tendency, still evident in the literature, to designate as sympa- 
thetic ophthalmia onl}'- the process in the eye which is secondarily 
involved is perhaps in part reminiscent of the older concept and in part 
due to the lexicologic force of the word sympathetic. From a pathol- 
ogist’s point of view, it seems advisable to employ the term “sympathetic 
ophthalmia” (in the sense of Fuch’s sjnnpathetic inflammation) to indi- 
cate the characteristic lesion of the disease and not the extent of involve- 
ment of the susceptible (uveal) tissue. 

With this preamble I would broadl}' define sympathetic ophthalmia 
as a granulomatous lesion of the eye characterized chiefly by its tendency 
to involve the uveal tissue of both eyes. 

Exciting ^ Eye . — ^Assuming for the present that the disease begins 
first in one e}^e, which in most instances has sustained a perforating 
wound (nonsurgical or surgical) in the ciliary region, this eye is vari- 
ously described as the “primar}'^” e3-e, the “sympathogenic e3'^e” or, as 
I shall refer to it, the exciting e}'^e. 

Sympathising ^ Eye . — ^The e3'^e subsequentl}'^ involved, sometimes 
called the “secondary” e)^e, will be referred to as the s}’’mpathizing eye. 

Such terms as S3TOpathetic iritis, S3mipathetic choroiditis and S3^mpa- 
thetic scleritis, frequently encountered in the literature, are employed 
not to indicate separate disease entities but to designate the involvement 

1. Schirmer, O. : (a) Arch. f. Ophth. 38:4, 1892; {b) in Graefe-Saemisch : 

Handbuch der gesamten Augenheilkunde, Leipzig, Wilhelm Engelmann, 1900, vol. 
6, P- 2. 

2. Fuchs, E. : (a) Arch. f. Ophth. 61:365, 1905; {h) 70:465, 1909. 

3. Sj'mpathisierende, sympathisant, simpatizzante. 

4. Sj'mpathisierte, s}'mpathise, simpatizzato. 
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of the various portions of the eye in the disease process. When the 
process is almost exclusively limited to, or unusually prominent in, one 
or another of these structures, such a term is more accurately descriptive 
than the general term, sympathetic ophthalmia. 

HISTORICAL RKVILW 

Concerning the early history of .sympathetic ophthalmia, one might 
best refer to Parsons’ “ “Pathology of the Eye.’’ from which, because of 
its relative inaccessibility, the following ])assages arc quoted : 

The earliest reference to syinpathetic oplithalmia is found in the oldest German 
text-book of ophthalmology by Bartisch (1583), who remarks that in cases of 
injurj' to one eye “the other good ej'C is besides also in great danger.” Le Dran 
(1741) says: Si coniine aux absces qui sc font ailleurs on attend qnc Ic pus soit 
fait le malade pourra perdre la vuc par rinnammalion qui se conimuniquera a 
I’autre oeil le long du nerf optique.” Two undoubted cases are recorded by 
Demours (1818). Wardrop (1819) reported a case of sympathetic iritis briefly, 
and mentioned that veterinary surgeons had noticed destruction of the second eye 
in horses, and that it might be avoided by destruction of the first eye by lime 
(cf. Barton, Crompton). Lawrence (1833) recorded several cases. The true 
history of sympathetic ophthalmia may be said, however, really to have com- 
menced with the masterly description and imaginative insight of William Mac- 
kenzie (1835). 

Sympathetic ophthalmia was first mentioned under this designation in Germany 
by V. Ammon (1838). Neither he nor Himly (1843) appear [sic] to have been con- 
versant with Mackenzie’s work; his name is not mentioned and the descriptions 
are much less accurate and complete. 

The next notable contribution to our knowledge of the disease was made by 
Augustin Prichard (1851), of Bristol, who first proved the efficacy' of excision of 
the exciting eye. This treatment was received with distrust, even by v. Graefe, 
who preferred iridectomy, and finding this useless, resorted to the production of 
panophthalmitis by passing a thread through the eye; he mentions optico-ciliary 
neurotomy, but does not appear to have employed it. v. Graefe later recognized 
the value of excision of the exciting eye, and advanced the opinion (1866) that 
inflammation of the uveal tract was sine qua non to sympathetic inflammation. At 
the Ophthalmological Congress at Heidelberg in 1863 George Critchett contributed 
important additions to our knowledge of the clinical picture of the disease, v. Graefe 
distinguished between the more malign (plastic) and less grave (serous) forms of 
sympathetic iritis, and Bonders adduced evidence of a sympathetic neurosis which 
is promptly cured by excision of the exciting cy'e. 

The more recent history of the disease concerns largely the develop- 
ment of modern concepts of the nature of the pathologic process and 
investigations into its etiology and pathogenesis. These will be dis- 
cussed later. 


5. Parsons, J. H. : The Pathology of the Eye, New York, G. P. Putnam’s 
Sons, 1908. 
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LESIONS THAT MAY GIVE RISE TO SYMPATHETIC OPHTHALMIA 

Most cases of S 3 anpathetic ophthalmia occur following traumatic 
perforating wounds in the ciliary region, which, in this sense, has become 
known as the dangerous zone. Less frequently the disease develops 
following operative procedures such as iridectomy or cataract extraction. 
It is usually noted that prompt and uneventful healing of the wounds 
has been prevented by complications such as traumatic cyclitis or 
incarceration of uveal tissue or lens capsule between the edges of the 
wound. The fact that wounds in the ciliary region are prone to such 
complications may account for the peculiar significance of the location 
of wounds (surgical or nonsurgical) in this regard. 

Frankl}'^ infected wounds which lead to purulent endophthalmitis or 
panophthalmitis are unlikely to be followed b}^ sympathetic ophthalmia, 
a fact for which no satisfactory explanation has been advanced. Occa- 
sional instances of sympathetic ophthalmia following suppurative lesions 
were cited from the literature by Schirmer, Peters and others and were 
referred to in an article by Lamb ® in which he recorded a case of 
this kind. 

The disease rarely follows perforating corneal ulcer, perhaps for the 
reason that purulent panophthalmitis is the common sequela of such a 
lesion. 

There remains a small but important group of cases in which sympa- 
thetic ophthalmia has been reported as following nonperforating 
traumatic lesions, or intra-ocular tumors (usually melanomas) with or 
without perforation of the globe. They have given rise to a great deal 
of discussion, and the decisions to accept or reject individual cases in the 
group as instances of sympathetic ophthalmia seem to depend in part 
on the leanings of the reviewers with regard to the nature of the immedi- 
ate causative agent and its mode of entrance into the eye. Parsons ® 
suggested that “a minute wound of the conjunctiva or an abrasion 
through which exogenous infection might take place most probably 
explains the few doubtful cases [of subconjunctival rupture of the 
globe] in which sympathetic ophthalmia may have occurred.” 

Lamb,’^ in 1932, reported what seems to be an undoubtable instance 
of sympathetic ophthalmia following a nonperforating injury. The 
cornea of one eye had been slightly abraded by the blow of a stick, 
but no deep wound could be found. The second eye became inflamed 
ten weeks after the injury and, in spite of enucleation of the injured 

6. Lamb, H. D.: Tr. Am. Ophth. Soc. 29:288, 1931. 

7. Lamb, D. H. : Arch. Ophth. 7:97, 1932. 
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eye, it became blind and sbrunken. The diagnosis was substantiated by 
histologic study of the enucleated (injured) eye. Lamb reviews cases 
of this nature reported by Kitamura, Botteri, Meller, Weigelin and 
Guillery, in each of which, in his opinion, there had been either a possi- 
bility of doubt as to the correctness of the diagnosis or some compli- 
cating factor such as operative intervention. 

A similar case reported by Delaney,® in 1931, presented a t 3 ’pical 
clinical picture of sjanpathetic ophthalmia developing nine months after 
injury to one eye by a snowball. The enucleated injured eye failed, 
however, to show the typical histologic features of the disease, a fact 
which by no means disproves the authenticity of the case, as will be 
explained subsequently. 

Leber and Krahnstover '' considered there was not sufficient evidence 
to show that sympathetic ophthalmia is ever set up by sarcoma of the 
choroid, though it might follow perforation of the globe through 
operative intervention. 

jMention is usuall)* made of extensive necrosis of the tumor tissue in 
these cases with the implication that it is the necrosis which has some 
causal relationship to the sympathetic lesion. Lamb," in reporting a 
case of this type, refers to similar cases recorded by Fuchs. Meller 
and Reis. 

The status of these cases will likel}- remain problematic until the 
causa causans of sympathetic ophthalmia is definitely proved. 

The time interval between injury of the one eye and the appearance 
of signs and symptoms of a sympathizing inflammatory process in the 
other eye is extremely variable. The shortest interval is fourteen days. 
!More often it is from four to twelve weeks, after which time the likeli- 
hood of development of the disease becomes progressively less. The 
longest interval recorded is forty-eight years (Smith ’“). 

According to Parsons," in nearly all cases in which the interval has 
been long the injured eye has become irritable and inflamed shortly 
before the onset of the sympathizing process in the other eye. “This 
may be spontaneous or due to trauma, often scarcely appreciable.” 
Conversely, as stated by Smith, “when an injured eye has been free 
from inflammatory reaction for months or years, the subsequent appear- 
ance of inflammation in the second eye without a history of flare-ups or 
attacks of pain in the injured eye should be regarded as an independent 
condition probably of constitutional origin and therefore not directly 
related to sympathetic ophthalmia.” 


8. Delaney, J. H. : Arch. Ophth. 5:781, 1931. 

9. Leber, T., and Krahnstover, A.: Arch. f. Ophth. 45:164, 1898. 

10. Smith, J. W.: Arch. Ophth. 2:169, 1929. 
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The frequent finding of bone in the choroid or in cyclitic membranes 
of shrunken exciting eyes is regarded as a sequela of phthisis bulbi 
and not of particular significance in sympathetic ophthalmia/ 

Obviously such data as the time of injury of one eye and the time 
of appearance of inflammation in the other eye furnish no indication 
of the time of onset of the specific disease in the exciting eye, and no 
other criteria are available by which this can be accurately determined. 
The specific process is alwa3'^s more or less completely obscured from 
clinical observation by the direct results of trauma or by an associated 
traumatic endophthalmitis. Similarlj^, the histologic features of an early 
sympathetic ophthalmia in the exciting eye may either be masked by 
nonspecific changes or be unrecognized because of the unfamiliarity with 
the earliest phases of the process. 

In a clinically suggestive case, in which a traumatized eye has been 
enucleated as a prophylactic measure, the earliest histologic manifes- 
tations of sympathetic ophthalmia may indeed be present but not recog- 
nizable as such. Conversely, a histologically suggestive picture in an 
enucleated eye cannot establish the diagnosis in the absence of a suffi- 
ciently characteristic clinical history. The diagnosis in either instance 
is only presumptive. 

The rate of development of the process in the exciting eye is evi- 
dently extremely variable. In a case reported by Kummell there were 
found only isolated lymphocytic foci in spite of the fact that the disease 
in the sympathizing eye had continued for a year. Ginsberg sug- 
gested that in such a case “one is to assume that the process is in the 
act of retrogression.” It is not uncommon, on the other hand, to find 
a well developed characteristic picture a few weeks after injury, as in 
one of ray cases in which enucleation followed immediately on the 
onset of signs of involvement of the other eye. In this instance it seems . 
evident that the granulomatous lesion in the exciting eye -must have 
developed rapidly and anticipated, at least by several days, the onset 
of the process in the sympathizing eye. 

HISTOLOGY 

The histologic picture of sympathetic ophthalmia as seen in the excit- 
ing e3'e is alwa3'S more or less complicated by the effects of injury 
per se or by reaction to a resulting nonspecific infection. Such exudative 
and reparative processes as might follow any perforating wound, and 

11. Kummell, R. : Arch. f. Augenh. 86:143, 1920. 

12. Ginsberg, Sigmund, in Henke, F., and Lubarsch, O. : Handbuch der spezi- 
ellen pathologischen Anatomie und Histologie, Berlin, Julius Springer, 1928, vol. 2, 
pt. 1. 
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particularly plastic exudation, are not, according to Fuchs,=“ of the nature 
of s}Tnpathetic ophthalmia. This view is in opposition to the earlier 
views of Schirmer and his pupil Ruge,^® who believed that plastic 
exudate is a characteristic, but not essential, feature of sympathetic 
ophthalmia. The sympathizing eye, on the other hand, is likely to show 
the uncomplicated picture of this apparently specific form of uveitis. 
The obsen-ations of jMilles,^'* Deutschmann,^® Zimmermann.'® Grunert,^' 
Schirmer,^'’ Welt,^® Asa 3 'ama,^‘^ Blascheck,'® Lenz.-^ P611ot,=- iMeller,-“ 
and others showed the process in the sympathizing eye to be otherwise 
essentially the same as that seen in the exciting eye. which is usually the 
one available for histologic examination. 

The most characteristic involvement is seen in the choroid. Round 
cell infiltration appears first in the middle and outer layers, leaving the 
choriocapillaris, at least for a time, free from change. The round cells, 
in the earlier stages, are found in irregularly placed groups but may 
become so numerous as to form a dense, confluent layer throughout 
the choroid, even causing a degree of thickening which is gross!}' cn*!- 
dent on section. Among the round cells and sometimes in round cell- 
free areas there are found nests of epithelioid cells which, under low 
magnification, appear in tlie stained sections as pale patches contrasting 
sharply with the deeply staining masses of round cells. Particularly 
when they contain giant cells these collections of epithelioid cells closely 
resemble epithelioid tubercles. The round cells are usually composed 
predominantly of h'mphocv'tes with an admixture of plasma cells, while 
neutrophilic poh'morphonuclears and eosinophils may also be found. 
The choroidal involvement is seldom less severe than that in other parts 
of the uvea and often represents almost the entire extent of the process 
(Fuchs -). 

In the iris the degree of involvement is extremely variable. The 
infiltration usually starts near the posterior surface, often behind the 
dilator and sphincter muscles which may become widely separated from 
the pigment epithelium by this infiltration. Epithelioid cells appear later 

13. Ruge, S.: Arch. f. Ophth. 57:401, 1904 ; 65:135, 1907. 

14. :Mi!les, tv: J.; Roy. Lond. Ophth. Hosp. Rep. 6:48. 1886. 

15. Deutschmann, R. H.: Beitr. z. Augenh. 1:850, 1893. 

16. Zimmermanu, W.; Arch. f. Ophth. 42:39, 1896. 

17. Grunert, K: Klin. Monatsbl. f. Augenh. 38:1, 1900: 39:835, 1901. 

18. Welt: Rev.'med. de la Suisse Rom. 22:408. 1902. 

19. Asayama, J.: Arch. f. Ophth. 54:444. 1902. 

20. Blascheck, A.: Ztschr. f. Augenh. 9:434, 1903. 

21. Lenz, G. : Klin. Monatsbl. f, Augenh. 45:468. 1907. 

22. PoUot, W.: Arch. f. Ophth. 81:264, 1912. 

23. Meller, J.; .\rch. i. Ophth. 101:122, 1920. 
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than the lound cells and graduallj^ replace them. The granulomatous 
process may involve the entire iris and extend backward into any 
exudate present in the posterior chamber. Giant cells are said to be 
less numerous here’ than in other portions of the uvea (Parsons ®), 
although in one of my cases they were very numerous. “The granulo- 
matous tissue, ,in contradistinction to tuberculosis, never grows out over 
the free surface of the iris” (Ginsberg 

The ciliary body always shows infiltration, sometimes more marked 
than in the choroid. It begins in the loose layer of connective tissue 
and seldom involves, to any great extent, the ciliar}'- muscle. Epithelioid 
masses may produce marked thickening of both ciliary and orbicular 
portions. Giant cells are often conspicuous in this region. I have 
repeatedly found a quite orderly row of them in the neighborhood of the 
elastic lamina. 

In both the iris and the ciliary body the pigment epithelium becomes 
disorganized, and the cells proliferate and migrate. 

The nonpigmented ciliary epithelium is more likely to remain intact, 
but eventually may become much disturbed. The cells proliferate and 
wander out along the planes of the zonula, and among them are found 
leukocytes and epithelioid cells. The epithelial cells may even contribute 
to the building of collections of epithelioid cells (Ginsberg^®). 

Samuels, in a recent study of the conditions existing at the site of 
injury in cases of sympathetic ophthalmia, found the specific infiltration 
in the neighborhood of the wound in a high percentage of cases. In a 
series of eighty-eight cases in which suitable sections were available 
there were two cases in which the infiltration was limited to the site of 
the wound. Nine cases showed more involvement here than elsewhere. 
In two cases there was no specific involvement at the site of the wound, 
and in ten it was less marked here than elsewhere in the uvea. In the 
remaining fifty-eight cases there was “about the same amount of infiltra- 
tion in the various divisions of the uvea,” i. e., not particularly more 
marked or less marked at the site of the wound. Regarding the relative 
age of the process in the various parts of the uvea, the author found that 
generally the infiltration was older in the anterior segment as indicated 
b}'^ the more frequent occurrence here of giant cells and epithelioid cells, 
while posteriorly the infiltration consisted only of nodules of lympho- 
cytes. Samuel’s conclusions regarding the significance of these findings 
will be discussed elsewhere. 

I have mentioned the remarkable predilection of the disease for 
uveal tissue and its tendency to spare the other ocular structures. This 
is indeed striking when one compares the lesion with one of a more 

24. Samuels, B. : Tr. Am. Ophth. Soc. 30:253, 1932. 
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invasive character such as frank tuberculosis or syphilis. On closer 
analysis, however, the apparently sharp delimitation of the process 
becomes less impressive. The granulomatous lesion commonly extends 
into the sclera along the sheaths of uveal tissue which accompany the 
perforating vessels and nerves (the so-called emissary channels) and 
from these foci there proceeds more or less marked infiltration of the 
scleral tissue proper. In this way the process may extend quite through 
the sclera but seldom invades, to any appreciable extent, the adjacent 
orbital tissue. 

The optic nerve head commonly shows some infiltration. The retina 
is seldom involved to a marked degree. In one of Meller’s cases 
there were large tumor-like proliferations, but such cases are evidently 
rare. More commonly, there are onl}' small, occasional, epithelioid foci 
growing through from the choroid. Fuchs "" noted involvement of the 
retina in one case of a series of thirty-live. Friedenwald found 
epithelioid foci in the retina in ten of a series of twenty cases of 
sympathetic ophthalmia. In one case, in which there was a retinal 
detachment of long standing, I found similar foci among the folds of 
the retina. Dalen -• described cellular nodules beneath the retina on 
an apparently intact lamina vitrea (Dalen foci) which, according to 
Fuchs,-" were composed e.xclusively of derivatives of the pigment 
epithelium. Ginsberg'^- commented, in effect, that while such prolifer- 
ations of the pigment epithelium occur, perhaps they represent the 
first reaction in processes that precede the wandering through of the 
granulomatous lesion. It is apparently not uncommon to find such 
extensions of the choroidal lesions elevating the retina or growing into 
postretinal exudate. 

The epithelioid cells everywhere show a marked tendency to phago- 
cytose uveal pigment, a fact which is perhaps paralleled by Frieden- 
wald’s recent observations regarding the cutaneous lesion at the site 
of intracutaneous injections of pigment, which will be discussed later. 

Necrosis is rather rare in the lesion of sympathetic ophthalmia and, 
according to Meller,-® differs from the caseation of tuberculosis in that 
it occurs in streaks or channels among and not in the center of the 
collections of epithelioid cells. Samuels mentioned that “that lique- 
faction that is sometimes seen in streaks in large masses of specific 
infiltration is not to be confounded with the caseation of tuberculosis.” 

25. Meller, J.: Arch. f. Ophth. 89:437, 1914. 

26. Friedenwald, J. S., in discussion on Woods and Little.®^^ 

27. Dalen, A. : Mitt. a. d. Augenklin. d. Carolin. med.-chir. Inst, zu Stockholm 
6:1, 1904. 

28. Meller, J.: Arch. f. Ophth. 89:248, 1914. 
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OUTLINE OF CLINICAL FEATURES 

The more purely clinical features of the disease will be dealt with 
only briefly. Recognition of the clinical picture of sympathetic 
ophthalmia in the exciting eye is rendered difficult because here, as a 
rule, there is also a more or less marked traumatic endophthalmitis in 
addition to the special form of inflammation. The clinician, then, 
directs his efforts rather toward recognition of those traumatized eyes 
which are liable to become the seat of s)?mpathetic ophthalmia and, as 
such, should be enucleated. Such eyes are said to be sympathetically 
potent. Wounds in the so-called dangerous zone and those in which 
there are retained foreign bodies are particularly sympathetically potent. 
To avoid an occasional disastrous result through attempting too close a 
distinction between the sympathetically potent and the sympathetically 
nonpotent eye, the rule of the ophthalmologist in this regard is inten- 
tionally made broader than it perhaps need be. All eyes are regarded 
as sympathetically potent which have suffered perforating injuries which 
have not healed perfectl}^ and especially those which have suffered 
from endophthalmitis or its results. 

Enucleation may at times fail to prevent the development of sympa- 
thetic ophthalmia in the remaining eye even when that eye showed no 
evidence of inflammation at the time of enucleation. Microscopy with 
the slit lamp might perhaps explain some of these cases by demon- 
strating earl}'’ changes not detectable b}'^ other methods of examination. 

The following quotation from Butler may serve to point out the 
importance of examinations with the slit lamp with regard to sympa- 
thetic ophthalmia : 

It is impossible to overestimate the importance of a slit-lamp examination, 
of repeated examinations, in cases in which there is the slightest suspicion of this 
formidable complication. Often the diagnosis depends absolutelj' upon the result of 
these investigations, and they must never be omitted. The verdict of the slit-lamp 
compels us to remove eyes which appear harmless and enables us to retain those 
that are apparently dangerous. 

The characteristic sign of a sympathetic inflammation, a sign which it shares 
with allied conditions such as tuberculous cyclitis, severe cyclitis in general, and 
with exudative choroiditis, is the presence of cells in the vitreous, the retro-lental 
space, and the anterior chamber; in a word, cells in the aqueous. Later signs are 
pellucid K.P. [Keratitis Punctata] and e.xudative nodules on the iris. 

If in the case of an injured e 3 ^e, which is under suspicion of being a possible 
exciting eye, we examine the aqueous and fail to find cells in the anterior chamber, 
in the retro-lental space, or in the vitreous, then it is very improbable that the 
eye is dangerous from the sympathetic standpoint. At the present time there is 
not sufficient evidence to make the statement more positive. 

29. Butler, T. H. : An Illustrated Guide to the Slit-Lamp, New York, Oxford 
University Press. 1927. 
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If, on the other hand, in addition to the ordinary clinical signs we find an 
infiltration of the vitreous with cells, with or without cells in the retro-lental 
space, and the anterior chamber, then the presumption that the eye is dangerous 
is very greatlj' strengthened. 

Finally, if cells are found in the same situations in the fellow eye, with or 
without more obvious signs such as K.P., and ciliary injection, then the eye is 
sympathising, and active treatment must be initiated at once, even if the signs of 
inflammation are slight. 

Whenever the histologic picture of sympathetic ophthalmia is found 
in an enucleated eye, the danger of development of a sympathizing 
process may still exist for a number of weeks after enucleation. 

In consideration of the clinical evidences of inflammation in a 
s\-mpathizing eye, it is customary to dift'erentiatc between sympathetic 
irritation and sympathetic inflammation, ^¥hile the former is sometimes 
the forerunner of the latter, it is not necessarily a part of sympathetic 
ophthalmia. It consists of such subjective symptoms as photophobia, 
lacrimation and, at times, pain or weakness of accommodation. Objec- 
tive evidences of inflammation are lacking. Sympathetic inflammation, 
on the other hand, gives rise to the subjective and objective phenomena 
which are characteristic of sympathetic ophthalmia as occurring in the 
sympathizing eye. These phenomena may be summarized as those of a 
low grade progressive uveitis usually terminating in complete blindness 
and atrophy of the bulb, although more favorable outcomes are not 
uncommon. 

The question of enucleation of an injured eye after a sympathizing 
process has broken out is discussed as follows by Salzmann in Fuchs’ 
“Diseases of the Eye,” from which much of the foregoing clinical out- 
line was abstracted ; 

It is conceivable that the sympathetic ophthalmia will course more mildly when 
the focus from which it has started is removed. On the other hand, the eye which 
excites the sympathy may retain some vision while the eye which suffers in sym- 
pathy may become entirely blinded. In such a case one robs the patient of the 
very last possibility of retaining vision by the enucleation of the injured eye. One 
should therefore not enucleate when the condition of the exciting eye is better than 
that of the sympathizing eye. 

Enucleation rarely comes into consideration in connection with tlie sympathizing 
eye. Prophylaxis of course here falls by the way. Enucleation can only be justi- 
fied by pain or disfigurement. 

Aside from the prophylactic and possible palliative value of' enucle- 
ation, the problems of therapy hardly fall within the scope of a paper of 
this kind. Mention might be made, however, of recent reports of 

30. Salzmann, M., in Fuchs, Ernst: Diseases of the Eye, ed. 15, translated 
by E. V. L. Brown, Philadelphia, J. B. Lippincott Company, 1933. 
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Woods and Little, Gill and others of very favorable results of the thera- 
peutic use of uveal pigment — a phase of the problem of etiology to 
which reference will be made later. 

ETIOLOGY AND PATHOGENESIS 

As early as 1844, Mackenzie had considered three pathways by 
which sympathetic inflammation might be transmitted, namely, through 
the vessels by means of their anastomoses within the skull, along the 
ciliary nerves or through the retina and optic nerves. Concerning these 
possible routes, he said, “The vessels on the side of the injured eye, 
being in a state of congestion ^vhich may increase to inflammation, per- 
haps communicate a disposition to similar disease to the vessels on the 
opposite side, with which they anastomose inside the cranial cavity.” 
And again, “The ciliary nerves of the injured e)’^e might be the paths 
along which the irritation is conveyed, through the medium of the third 
and fifth pairs, to the brain, from which it is reflected along corre- 
sponding nerves of the opposite side.” Concerning the optic nerves, he 
wrote, “It is extremely probable that the retina of the injured eye is 
in a state of inflammation which advances along the corresponding 
optic nerve to the chiasma. From there, the irritative condition to 
which the inflammation was due crosses over to the retina of the 
opposite eye, along its corresponding optic nerve.” Mauthner,®- in 
1878, said of Mackenzie that his observations “contain very nearly all 
that has been discovered in this province in the last forty years.” 
Reviewing the development of the theories of pathogenesis, Mauthner 
leads up to a statement of his own conclusions from which a few 
passages may serve to illustrate the mystery in which the problem was 
then clothed. 

We have, on the whole, no right at all to ask whether the sympathetic affection 
is transmitted along the optic nerves, or along the ciliary nerves. . . . For the 
transmission may be effected in both wa 3 ’^s. But by this, however, we are not to 
understand that one and the same morbid process can be transmitted, now along 
the one path and now along the other. On the contrary, irritative and inflamma- 
tory conditions are transmitted from the optic nerve and retina, along the optic 
nerves; whilst those inflammatory processes which are chiefly observed in that 
portion of the eye wMch is nourished by the ciliary nerves, and especially in the 
uveal tract, are transmitted along the ciliary nerves. 

In the present state of our knowledge we know nothing of any . . . direct 
transmission [by way of blood vessels]. 

31. Mackenzie, W. : Practical Treatise on the Diseases of the Eye, London, 
Longman [and others], 1830; ed. 2, 1835; ed. 3, 1839, and ed. 4, 1854. The quota- 
tions are from Mauthner.32 

32. Mauthner, L.; Sympathetic Diseases of the Eye, translated by Warren 
Webster and James A. Spalding, New York, William Wood & Company, 1881. 



deVEER— LESION OP SYMPATHETIC OPHTHALMIA 675 


It is, of course, hard to say wliereiii the irritative condition consists; but it 
is a fact that the irritation can propagate itself to the second eye. . . . 

Some one may ask how it is possible for such a connection to exist between 
the eyes, by means of the optic nerves, in those cases in which the optic nerve 
of the eye first affected is in a stage of total atrophy. A cord of connective tissue 
cannot transmit such a sensorial irritation. Granted; l)ut even if this is so, we 
cannot assume . . . that all the fibers of the optic nerve of the first eye are 
atrophic. 

By the beginning of the twentieth century bacterial theories had been 
advanced in explanation of the etiology, and there had been recorded 
many fruitless attempts to attach significance to the finding of one or 
another of a variety of organisms in cases of sympathetic ophthalmia. 
These theories of etiology had become incorporated in new theories of 
pathogenesis which by this time constituted a formidable list. 

Schirmer^’’ (1900) classified the then current theories as follows: 

1. Pure nerve theories 

(а) Optic nerve theory 

(б) Ciliary nerve theory 

2. Pure bacterial theories 

(a) Transmission by metastasis 

(b) Transmission by reversed venous flow 

(c) Transmission by lymph channels 

3. Combined theories 

(a) Meyer’s theory 

(b) Schmidt-Rimpler’s theory 

Many of these theories need mention today only because of their 
historical interest. The pure nerve theories ivere based on the concep- 
tion of transmission of irritation after the manner of transmission of 
sensory or motor impulses. Muller’s ““ objection to the optic nerve 
theory, based on the fact that the nerve frequently is completely 
atrophic, and Mauthner’s attempt to overcome this objection will serve 
to illustrate this point of view. 

The theory of bacterial transmission by metastasis, while fore- 
shadowed by Mackenzie’s suggestion of a blood vascular route, was 
first advanced by Berlin (1880). Parsons,® in reviewing these 
theories, singled out this one as being the most probable. He referred 
to the fact that certain tissues furnish sites of predilection for certain 
organisms such as tetanus bacilli or typhoid bacilli and suggested that 
the organism causing sympathetic ophthalmia “is pathogenic only for 
the eye.” He drew an analogy between this disease and others which 
set up metastases, such as syphilis, tuberculosis and leprosy in which 


33. Muller, H.; Arch. f. Ophth. 4:363, 1858. 

34. Berlin, R.: Samml. klin. Vortr. 186:1529, 1880. 
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the lesions are subacute or chronic, and not purulent, and contended that 
the fact that sympathetic ophthalmia “manifests itself as a uveitis both 
in the exciting and in the sympathizing eye points to the same causa 
causam/' He concluded his discussion with the following hypothetic 
outline of events : 

The organism multiplies in the exciting eye; if this is removed early infection 
[of the other ej^e] does not occur, but if organisms have escaped in quantity into 
the circulation sympathetic ophthalmia may follow. The conditions of existence 
in the circulation and in other organs of the body are relatively bad, as is shown in 
the case of other organisms. It is probable that early encapsulation may occur 
in the exciting eye. As is well known bacteria may long lie dormant but viable 
in this condition. Slight injury or other cause may set them free, thus explaining 
the occurrence of sj^mpathetic ophthalmia long after the first injury, though pre- 
ceded at a short interval by inflammation in the exciting eye. 

The theory of transmission b}'^ reversed venous flow was based on 
the idea that bacteria might reach the cavernous sinus and then be 
carried into the veins of the opposite e 3 '^e by a reverse flow of blood 
induced by coughing or sneezing. The theory was advanced by Arnold,®'^ 
m 1891, but received little support. 

The theory of bacterial transmission by lymph channels meant, 
according to most of its proponents, transmission by way of the inter- 
vaginal (subdural and subarachnoid) spaces of the optic nerves and 
their communications within the cranial cavity. Leber®® (1881) origi- 
nated the theory, and Deutschmann,®’’ in supporting it, suggested the 
name ophthalmia migratoria for the disease. The evidence adduced in 
support of this theory was largely the result of animal experimentation 
in which pyogenic organisms were injected into the vitreous. The most 
convincing result was the production of a papillitis in the opposite eye, 
but even this was obtained by only a few of the many workers in this 
field. Romer,®® in this connection, said that no conclusions concerning 
the pathogenesis of S3mipathetic ophthalmia in man can be drawn from 
experiments on animals with p 3 ^ogenic organisms. 

Parsons,® Ginsberg^® and others pointed out that clinical evidence 
does not support this theory since the disease in the sympathizing eye 
relativel 3 ^ seldom begins with a papillitis. S. R. Gifford,®® on the other 
hand, mentioned the frequent occurrence of optic neuritis in the second 
eye, “sometimes as practically the only symptom.” 

35. Arnold, J. : Virchows Arch. f. path. Anat. 124:385, 1891. 

36. Leber, T.: Arch. f. Ophth. 27:272, 1881; 58:325, 1904. 

37. Deutschmann, R. H. : Ueber die Ophthalmia migratoria, Hamburg, Leopold 
Voss, 1889. 

38. Romer, P. : Arch. f. Ophth. 55:302, 1902. 

39. Gifford, S. R.: Nebraska M. J. 14:432, 1929. 
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E. Fuchs, in 1905, opposed the theory on histologic grounds. 

More recently, A. Fuchs'*'' (1925) examined portions of optic nerve 
in seventy-five cases of sympathetic ophthalmia, and in almost one third 
of the cases found what he regarded as definite evidence of involvement 
of the nen-e in the specific process. This consi.sted of lymphocytic 
infiltration of the pia extending from the tip of the intervaginal space 
backv/ard for from 1 to 2 mm., although small, isolated foci could be 
found as far as 12 mm. back along the nerve. Reviewing this work, 
Ginsberg concluded that proof of the migration of the process over 
the optic ner\'e cannot be discovered in Fuchs’ findings. 

IMeyer’s ■*' theory stated that the results of ciliary irritation in the 
injured eye depended on the presence or absence of bacteria in the 
opposite eye. If bacteria were present, sympathetic inflammation 
resulted; whereas, if bacteria were absent, the result was only a sympa- 
thetic irritation. 

Schmidt-Rimpler’s ■*- theory was based on the assumption that irri- 
tation of the ciliary nerves of one eye exerts a reflex influence on the 
circulation and nutrition of the other eye, thus paving the way for infec- 
tion by some unknown agent. H. Gifford contended that this theory 
would not stand the “test of clinical experience.” He asked “If sympa- 
thetic ophthalmia depends merely on the coincidence of ciliary irritation 
and the accidental presence of germs in the circulation, why should we 
never hear of sympathetic ophthalmia in the tedious ciliary irritation 
existing with the numerous cases of one-sided keratitis, whether of 
trachomatous, herpes, phlyctenular, or other origin?” 

The bacterial theories are all open to the important objection that 
micro-organisms have rarely been found in eyes which are affected by 
sympathetic ophthalmia, and to those which have been found it has been 
impossible to attach any etiologic significance.'*^ The toxic theory^ based 
chiefly on these negative findings with regard to actual infection, 
attempted to explain the lesions of sympathetic ophthalmia as being due 
to the effects of bacterial metabolic products (Gorecki,'"* Rosenmeyer,'*'* 

40. Fuchs, A.: Ztschr. f. Augenh. 56:275, 1925. 

41. Meyer, E.: Rev. gen. d'opht. 9:481, 1890 ("quoted by Schirmer 

42. Schmidt-Rimpler: Arch. f. Ophth. (Abt. 1) 38:199, 1892. 

43. Gifford, H.: J. A. M. A. 34:341, 1900; Ophth. Rec. 25:344, 1916; also 
for review up to 1919, Wood, C. A.: Encyclopedia of Ophthalmology, Qiicago, 
Cleveland Press, 1920, vol. 16, p. 12369. 

44. The recent findings of J, Meller offer a striking exception to this statement. 

45. Gorecki, in discussion on Trousseau: Compt. rend. Soc. d’opht. de Paris, 
April, 1891 (quoted by Schirmer 

46. Rosenmeyer, L.; Arch. f. Augenh. 28:71, 1893. 
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Bacchi/^ Praun,^® and others). Parson's objection that the disease in 
the sympathizing eye continues (or may even commence) after removal 
of the exciting eye is based on the assumption that the exciting eye 
furnishes the only focus from which such toxic substances may emanate. 
The idea of an extra-ocular focus of infection is advanced in one of the 
more modern theories which will be discussed later. 

Since 1900 many of the theories in Schirmer’s list have been left by 
the wa 3 ^side, while others have survived and appear, more or less 
modified, among the group of so-called modern theories of etiology and 
pathogenesis to which more detailed consideration will be given. 

The cytotoxic theory of Galowin‘‘® (1904) assumed that degener- 
ating cells in the exciting eye give rise to an autocytotoxin which is 
antigenically specific for uveal tissue. Galowin prepared a serum which, 
theoretically, contained this c 3 i;otoxin. Intra-ocular injection of the 
serum caused a severe iridocyclitis, while intravenous injection gave 
what Galowin believed were slight microscopic changes in the ciliary 
epithelium. 

The mycotic theory advanced by Romer®® (1902) and the so-called 
biologic theor 3 '’ proposed by H. Gifford'*® (1900) are variations of the 
older bacterial metastatic theory. The biologic theory assumes that 
germs surviving the struggle for existence in the first eye acquire an 
increased capacity for growing in uveal tissue. Transmission to the 
second eye occurs by way of the blood stream. 

S. R. Gifford ®® pointed out the convenience of the biologic theory 
in explaining the improvement in the S3mipathizing e3'^e which sometimes 
follows enucleation of the exciting e 3 ^e. Removal of the first eye, he 
maintained, is comparable to elimination of a focus of infection. When 
improvement does not follow enucleation “it must be assumed that 
enough [germs] have already arrived so that the secondary focus is 
unable to destroy them.” This, like the other theories of infection, has 
lacked the support of any conclusive evidence of infection in the lesions 
of sympathetic ophthalmia. 

The more recent researches into the etiology and pathogenesis of 
S3’^mpathetic ophthalmia can be divided into three main groups which 
might be designated as follows: (1) investigations of the possible role 
of allergy either as the sole etiologic agency or as a factor in the pro- 
duction of the disease; (2) experiments based on the idea that the dis- 
ease is caused by a filtrable virus; (3) efforts to explain the disease as 
a reaction to toxins (particularly tuberculous toxin) originating in some 
extra-ocular focus. 

47. Bacchi, A.: Intemat. Ophth. Cong., Rome 6:97, 1894. 

48. Praun, E. : Die Verletzungen des Auges, Wiesbaden, J. F. Bergmann, 1899. 

49. Galowin, S. : Klin. Monatsbl. f. Augenh. 7:150, 1909. 
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The so-called anaphylactic theory of pathogenesis was founded on 
the work of Elschnig who, in 1910 and 1911, in a series of articles, 
reported the results of his investigations of the antigenic properties of 
uveal emulsions. 

Elschnig’s experiments with rabbits and guinea-pigs tended to show 
that animals can be sensitized to homologous or heterologous uveal 
emulsions; that the uvea is antigenicalh' organ specific and not species 
specific, and that the constituent of the uvea responsible for its antigenic 
properties is the uveal pigment. Elschnig employed complement-fixation 
methods to demonstrate the development of specific antibodies in animals 
immunized to uveal tissue emulsions. 

Woods, since 1917, has extensively investigated this problem. He 
confirmed Elschnig’s findings concerning the antigenic properties of 
uveal pigment and obtained additional evidence by using perfusion 
methods in pigment-sensitized dogs. Both Elschnig and Woods pro- 
duced an apparentl}' anaphylactic uveitis in animals, which resembled 
sympathetic ophthalmia in man. Both by animal e.xperimentation and 
by clinical investigation of human material. Woods has produced evi- 
dence to show that, following injur\' to the uveal tract, the appearance 
of pigment antibodies (as demonstrated by complement fi.xation) can be 
interpreted as indicating a developing immunity to uveal pigment. He 
consistently was unable to demonstrate such antibodies in cases of 
S)TOpathetic ophthalmia. In his later work. Woods substituted the intra- 
cutaneous test (with uveal pigment as antigen) for the less practical 
complement-fixation test and found hypersensitivity to uveal pigment, 
as evidenced by a positive intracutaneous test, in cases of sympathetic 
ophthalmia. 

Unfortunately, it is not possible here to recount in greater .detail 
these interesting experiments and clinical investigations which have 
furnished a basis for ■^the idea that sympathetic ophthalmia is an 
anaph 3 dactic, or allergic, phenomenon caused b}' absorption of uveal 
pigment. 

Other investigators have obtained experimental results agreeing, 
wholly or in part, with findings of Elschnig and of Woods. 

Fuchs and Meller,®- in 1914, were unable to demonstrate uveal 
antibodies in serums of patients with s}’mpathetic ophthalmia. 

50. Elschnig, A.: Arch. f. Ophth. 75:459, 1910 ; 76:509, 1910; 78:549, 1911. 
Elschnig, A., and Salus, R.; ibid. 79:428, 1911. 

51. (a) Woods, A. C: ' Arch. Ophth. 46:503, 1917; Tr. Sect. Ophth., A. M. A., 
1917, p. 133; Arch. Ophth. 47:161, 1918; J. A. M. A. 77:1317, 1921; Arch. Ophth. 
51:451, 1922. (h) 3\'oods, A. C., and Knapp, A.: ibid. 51:560, 1922. (c) 
Woods, A. C: Tr. Ophth. Soc. U. Kingdom 45:208, 1925. (rf) Woods, A. C, 
and LitUe, M. F.: Arch. Ophth. 9:200, 1933. 

52. Fuchs, A., and :Meller, J.: Arch. f. Ophth. 88:282, 1914. 
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Fodoi'/^ in 1927, reported the results of a hundred examinations the 
results of which were somewhat in conflict with those of Woods. He 
agreed that antibodies are absent in sympathetic ophthalmia, but decided 
that it is unsafe to employ the results of cutaneous tests as a basis for 
enucleation. 

Verhoefif (1927) found the intracutaneous test negative in a case 
of sympathetic ophthalmia, contrary to Woods’ experience. 

Berens and others in 1927 reported negative results of intra- 
cutaneous tests in eighteen cases “which,” they wrote, “should be 
expected if Woods’ findings are correct, as no case presented signs or 
symptoms of inflammation.” 

S. R. Gifford,®'* in 1929, stated “we have made tests on two cases of 
sympathetic ophthalmia and two of favorably reacting penetrating 
wounds, without obtaining any positive skin tests.” 

Gill®® (1930) reported positive intracutaneous tests in sympathetic 
ophthalmia and negative tests in other diseases. He also noted that 
“clinical improvement, at times spectacular, follows the employment of 
uveal pigment therapy in sympathetic ophthalmia, provided it is used 
early in the disease. Enucleation is often avoided by using pigment 
therapy early in sympathetic ophthalmia.” 

A great many objections have been raised to the idea that sympa- 
thetic ophthalmia is caused by allergy toward uveal pigment. The 
antigenic properties of the uvea (considered as an organ) are not 
admitted as proved beyond doubt, and the concept that in sympathetic 
ophthalmia one becomes allergic to his own uveal pigment is considered 
untenable by many. One of the chief objections is expressed by S. R. 
Gifford ®® as follows : “On such a theory, sympathetic ophthalmia would 
be expected to occur fairly often following any iridocyclitis, whereas it 
occurs almost exclusively following a penetrating wound.” 

Another of the more interesting of the modern theories of etiology 
is the tuberculotoxic theory advanced by Guillery ®" in 1923. The 
marked similarity of the lesions of sympathetic ophthalmia to certain 
tuberculous lesions suggested to Guillery the possibility that tuberculous 
toxin might be the cause of this peculiar disease entity. This idea was 
also given support by the results of his experiments with various 
other bacterial toxins and other poisons in which exudative and pro- 

53. Fodor, G. L; Klin. MonatsbI. f. Augenh. 79:759, 1927. 

54. Verhoeff, F. H.: Arch. Ophth. 56:28, 1927. 

55. Berens, C., and others: Atlantic M. J. 30:547, 1927. 

56. Gill, W. D.: South. M. J. 23:885, 1930. 

57. Guillery, H. : Ztschr. f. Tuberc. 38:1, 1923; Arch. f. Augenh. 94:143, 
1924; Miinchen. med. Wchnschr. 72:298, 1925; Klin. MonatsbI. f. Augenh. 76:567, 
1926; Arch. f. Augenh. 99:63, 1928. 
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A proper evaluation of Guillery’s contribution must await further 
experimental investigation. 

Because of repeated failure of investigators to demonstrate bacteria 
in the lesions of sympathetic ophthalmia, attempts have been made to 
explain the disease on the basis of a filtrable virus. Von Szily,®®« in 
1924, using material from human corneal herpes, produced uveitis in 
rabbits, which, in some cases, was transmitted to the opposite eye. His 
procedure, briefly, was as follows : He first inoculated a rabbit’s cornea 
by scarification and after from two to three days, when a characteristic 
keratitis had developed, took off the superficial layers of the cornea and 
used this material for subsequent inoculations. A small fragment of 
the material Avas then introduced into one e3^e of each of a number of 
rabbits. The site of inoculation was a so-called ciliaiy pouch made 
by separating the ciliary body from the sclera through a small corneal 
incision. 

Uveitis of the inoculated eye regularly resulted. After about two 
weeks, when this reaction was beginning to subside, about 10 per cent 
of the animals showed iridocyclitis of the opposite eye — usually of a 
more severe form than that which had been observed in the inocu- 
lated eye. 

Histologic sections of both e^'es, in these cases, showed a picture 
resembling that of sympathetic ophthalmia. Sections of the papilla and 
optic nerve showed a similar infiltration, and there were also foci of 
infiltration in the chiasm and farther back along the optic tract. In 
addition, meningitis developed and, in 50 per cent of the cases, corneal 
herpes of the intact eye. Von Szily concluded, cautiously, that he had 
been able “through an invisible exciting cause to produce disease 
processes coinciding with human sympathetic ophthalmia in the essential 
points (injury of the ciliary region, transmission to the second eye of 
similar disease).” 

Abe,®' in 1926, and Velhagen,®® in 1928, confirmed the findings of 
von Szily, while Marchesani,®^ repeating the experiments, obtained 
negative results. 

In this countr}'-, in 1927, Gifford and Lucic ®® duplicated von Szily’s 
results and further demonstrated the presence of virus in the second 
eye b}'^ inoculations from this eye to a ciliary pouch in another animal. 
The second animal, in turn, shoAved inA-oh'^ement of the second eye, 
and a further successful transfer to the cornea of a third rabbit shoAved 
transmission of the Aurus through three generations from the sympa- 

62. Abe, T. : Arch. f. Ophth. 117:375, 1926. 

63. Velhagen, K., Jr.: Arch. f. Ophth. 119:325, 1928. 

64. Marchesani, O. : Arch. f. Augenh. 97:575, 1926. 

65. Gifford, S. R., and Lucic, L. H. : J. A. M. A. 88:465, 1927. 
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thizinar eve. Gifford and Lucie's sections, like those of von Szily, indi- 
cated extension of the process by way of the nerves and chiasm to the 
other eye. This they confirmed by positive inoculations with material 
taken from various points along this route. They also showed that 
uveitis of both eyes could be produced by injection of the virus into 
the region of the chiasm. The authors concluded that “'the possibilit}’- 
of a filtrable wrus with neurotropic properties similar to those of the 
herpes Aurus being the cause of sympathetic ophthalmia is given some 
support by this work.” 

These exp)eriments represent the closest approach that has been made 
to the experimental production of s\-mpathetic ophthalmia, but there 
are serious objections to the virus theor}' which are yet to be overcome. 
^^^lile the migration of the virus infection is clearly shown to proceed 
by the optic nerve route in the case of herpetic virus lesions in rabbits, 
no such migration has been conclusively demonstrated in the case of 
human S}Tnpathetic ophthalmia. The associated meningitis likewise is 
not characteristic of the human disease. Neither von Szily nor Gifford 
and Lucic claimed that herpes \-irus is the cause of s\-mpathetic 
ophthalmia, but their findings suggest, in the words of the latter 
workers, “the possibilit}- that a virus, perhaps not dissimilar to the 
herpes wrus. may be the cause." 

Attempts to demonstrate the presence of a vints by inoculation of 
animals with material from human cases of s\-mpathetic ophthalmia 
have, to say the least, furnished no support for the ^'irus theory. 
Marchesani/'® Undelt.®' Gifford and Lucic.®® iMeesmann and Volmer.®® 
and Leser all attempted such inoculation but with essentially negative 
results. The method usually employed was to introduce portions of 
diseased human eyes into ciliai}- pouches in a number of rabbits. Only 
rarely was any disturbance produced in the second eye of a rabbit so 
treated, and the value of even these meager results seemed slight on the 
basis of histologic examination. 

Samuels-^ (1932). from a study of the anatomic findings in a 
large series of cases of s}-mpathetic ophtlialmia. presented e\-idence 
which, in his opinion, lends support to the theor}- that the disease is 
caused by a primar}- infection. He attached particular significance to 
the finding of two cases in which the typical infiltration \^-as limited to 
the site of injur}-, furnishing examples of apparently primar}- lesions 
at the site of a wound and supporting tlie idea that in S}-mpathetic 
ophthalmia a specific infectious agent enters at this point. 

66. Marchesani, O.; Klin. Monatsbl. f. Augenh. 75:218. 1925. 

67. Undelt, J. : Klin. ^Monatsbl. f. Augenh. 76:825. 1926. 

68. Gifford. S. R., and Lncic, L. H.: \A.rch. Ophth. 1:468. 1929. 

69. Meesmann, A., and Volmer, W. : Arch. f. Aiigenh. 98:271, 1927. 

70. Leser, O.: Casop. lek. cesk. 67:934, 1928. 
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This opinion is in accord with the earlier conclusion of Marchesani 
who, on similar grounds, considered that the lesion in the exciting eye 
was due to a noxa entering at the site of injury. 

Woods and Little,°^‘' in a recent report, discussed the development 
of “a new school of thought as to the pathology’- of sy^mpathetic 
ophthalmia.” Observations of Key,^- Marchesani,’'® Riehm,"^ and others 
have given more and more substantial form to the idea, suggested by 
Woods in 1925, that sensitization of the uveal tissue (of both eyes) 
renders it susceptible to the action of other noxious agents. Woods 
and Little offered further evidence in support of this explanation of 
sympathetic ophthalmia by recording and analy'^zing the results of intra- 
cutaneous pigment tests in one hundred and fifty-three patients. 

In this series positive pigment reactions occurred only in cases of 
penetrating wounds, either operative or traumatic. Among twenty 
patients with symipathetic ophthalmia, there were eighteen who gave 
positive 1 ‘eactions to pigment tests. 

Five patients were grouped as having delay^ed, noninfectious, post- 
operatiA^e uveitis, apparently a new clinical entity. All of these patients 
showed hypersensitivity to uveal pigment as shown by intracutaneous 
tests, but in none of this gi'oup did sympathetic ophthalmia develop. 
Two patients of this group were given courses of pigment therapy 
which were attended by remarkable clinical improvement and loss of 
sensitization as shoAvn by'- negative intracutaneous tests. Among the 
group of patients with sympathetic ophthalmia those treated with uveal 
pigment, according to the authors, did vastly better than those not 
treated with pigment. 

In the light of these and other observations, the authors conclude 
that “in sympathetic ophthalmia hypersensitivity to uveal pigrnent is 
a general rule, although patients with acute exacerbations of the disease 
may have a definite phase in which the intracutaneous test is negative.” 
The occurrence of cases of chronic uveitis in which hypersensitivity to 
pigment developed without sympathetic ophthalmia supported the con- 
tention that “pigment hy'persensitivity does not appear to be the cause 
per se” but that “some other factor enters into the disease.” 

An interesting feature of Woods and Little's report is an account 
of the histologic study' of specimens of skin taken from the site of 
intracutaneous pigment tests. The study' was made at the suggestion 
and with the collaboration of Jonas S. Friedenwald. Skin from two 
normal persons, who had been given intradermal injections of pigment 

71. Marchesani, O. : Ztschr. f. Augenh. 56:275, 1925. 

72. Key, B. W.: Am. J. Ophth. 9:574, 1926, 

73. Marchesani, O. : Zentralbl. f. d. ges. Ophth. 22:804, 1930. 

74. Riehm, W. : Deutsche med. Wchnschr. 55:907, 1929; Arch. f. Ophth. 123: 
361, 1930; Arch. f. Augenh. 105:82, 1931. 
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two weeks before, showed “a moderate infiltration with monocytes and 
l}Tnphoc\-tes around the injected pigment. The larger part of the pig- 
ment remained free in the tissues not ingested by phagocytic cells.” 
Sections of skin from two persons giving positive intracutaneous tests 
showed the deposits of pigment "infiltrated with great numbers of 
epithelioid cells and giant cells in which the granules were phagoc}-tosed.” 
Both of the latter specimens were from persons cured of sympathetic 
ophthalmia, the excisions being made two and four weeks, respectively, 
after the injection of pigment. 

Friedenwald.-'^ in discussion of these results, emphasized the resem- 
blance of the positive cutaneous lesions to the uveal lesion in sympa- 
thetic ophthalmia. 

Within the past year. r^Ieller reported bacteriologic observations 
which are of interest. In the laboratory of E. Lowenstein, by a 
special culture method! it is reported, virulent tubercle bacilli have been 
recovered first, from the blood stream in a case of sympathetic 
ophthalmia, then from the ocular tissue in a case of spontaneous 
iridocyclitis and. lastly, from the circulating blood and the tissues of the 
exciting eye in a typical case of sympathetic ophthalmia. 

The last-mentioned case was one of a perforating injury in which a 
sympathizing inflammation was noted six weeks after the injury. On 
the day of the outbreak of disease in the second eye a blood culture 
was made, the injured eye was enucleated, and tissue from its interior 
was cultured. 

The histologic changes in the enucleated eye were reported in detail 
by !Meller, who epitomized them as showing “das voile Bild der 
s}Tnpathisierenden Uveitis in alien seinen Einzelheiten” (the complete 
picture of sympathetic uveitis in all its details). 

The cultures of ocular tissue showed a luxuriant growth of tubercle 
bacilli, while the cultures of the blood, although also positive, showed 
only a sparse growth. Blood taken ten days after enucleation showed 
the bacteremia still present. The virulence of the organisms was proved 
by inoculation into animals. 

iMeller expressed the belief that sympathetic ophthalmia is a bacterial 
disease caused by the tubercle bacillus. He pointed out that particularly 
people who have a bacteremia at the time of injury to the eye are in 
danger of developing a tuberculous uveitis. When the tuberculosis is 
of a proliferative character it can be called sympathetic ophthalmia, and 
the other eye is likely to become involved in the process. According to 
Aleller. uveitis does not develop in all of those cases of injury in which 
there is a coexisting bacteremia, and, on the other hand, bacteremia 

75. ileller, J. : Wien. klin. Wchnschr. 45:33, 1932; Ztschr. f. Augenh. 77:1 
79:75, 1932. 
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occasionally causes a uveitis in an untraumatized ej^e, but only when the 
bacteria are detained in the walls of the A^essels. Hemorrhage into the 
tissues produces particularly favorable conditions for invasion and incu- 
bation of the bacteria brought by the circulating blood. The importance 
of wounds of the ciliar}’’ body is explained on this basis. The author 
admits the possibilit}^ of exogenous tuberculous infection at the site 
of injury but believes that the infection is usuall}'^ hematogenous. 

Meller emphasizes the vascular phenomena in various portions of 
the eye as being of particular importance, since the proliferation of cells 
into the vessels favors spread of the infection b}’' way of the blood 
stream. The involvement of the second eye is regarded as a metastatic 
phenomenon caused b}'’ blood-borne virulent tubercle bacilli from the 
first eye. Many of the peculiarities of the disease can be explained, 
according to Meller, by this concept. 

Interesting and suggestive as are the findings of Meller, they can 
hardly justify the conclusion that the enigma of sympathetic ophthalmia 
has at last been solved. Meller’s work must first be confirmed. It 
must further be shown that the bacilli can regularly be recovered from 
the ocular tissues in these cases, and the cultural method, or methods, 
empl03'ed must be of proved reliability. 

CONCLUSIONS 

Any attempt to summarize and draw conclusions concerning the 
various disputed aspects of sympathetic ophthalmia would serve only to 
add opinions of doubtful value to an already long and conflicting list. 
The reader, I believe, might better be left to form his own conclusions 
or to await further' elucidation of the many interesting problems which 
the disease presents. 



Notes and News 


University News, Promotions, Resignations, Appointments, Deaths, 
etc.— Kjiighthood has been conferred on Robert Jiliiir, professor of patliology in 
the University of Glasgow. 

Roy Lee Moodie, anatomist and palcopathologist, has died at the age ot i)4. 
He made important contributions to the study of tlie structural evidences of 

ancient disease. . ^ , i • 

Michael Heidelbcrger, associate professor of biological chemistry at Lolumhia 
University, has been awarded a Guggenheim fellowship for research at the Uni- 
versity of Uppsala, Sweden, on the molecular weight of thyroglobiilin. 

Richard Kockel, professor of forensic medicine in the University of Leipzig, 
has died at the age of 69. 

Ernest Scott, professor of pathology in the Ohio State University since 1915, 
has died of coronary thrombosis, at the age of 58. 

Society News. — At the meeting of the American Association of Pathologists 
and Bacteriologists in Toronto, March 29 and 30 last, William Boyd was elected 
president, N. C. Foote vice president, H. T. Karsner secretary and F. B. Mallory 
treasurer. The next meeting will be held at the Cornell University Medical 
College, New York, on April 18 and 19, 1935. 

The annual meeting of the American Society for the Study of Neoplastic 
Diseases (president, Max Cutler) will take place in Washington, D. C., on 
September 6 to 8, 1934. 

The William Wood Gerhard Gold Medal of the Pathological Society of 
Philadelphia was presented to George H. Whipple of the University of Rochester 
School of Medicine and Dentistry at a meeting on April 12, 1934. At that time 
Dr. Whipple gave the Annual Conversational Lecture of the society on ‘‘Regenera- 
tion of jHemoglobin and Blood Plasma Proteins Controlled by Diet Factors.” 

Medicolegal News. — The University of Michigan has organized an Institute 
for Law Enforcement Officers. Recentlj' four all-day sessions, attended by more 
than a hundred officials, were held at Ann Arbor with lectures and discussion on 
poisoning, the examination of dead bodies, wounds, personal identification and 
other topics of criminologic interest. 

Gibbs Prize to Be Awarded. — The New York Academy of Medicine 
announces that a sum of about $800 is available under the Edward M. Gibbs 
Memorial Prize toward original research in diseases of the kidney in 1934. 
Candidates for the award must be physicians who have been graduated at least 
three years and who are residents of the United States. They must submit 
evidence of research already performed and facilities to prosecute research on 
the causation, pathology and new methods of treatment of diseases of the kidney. 
The award may be continued through not more than three years to any one 
person. Applications with the required evidence should be sent to the New York 
Academv of Medicine, 2 East One Hundred and Third Street, New York, before 
June 1. 1934. 

Historic Microscopic Sections. — The nephritis clinic at Guy’s Hospital, 
London, has presented to the department of physiology of the University of Cin- 
cinnati microscopic sections of three kidneys decribed by Richard Bright in his 
‘‘Reports of Medical Cases,” 1827, and in Guy’s Hospital Reports, 1838. 
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Rupture of the Aorta. F. C. Narr and A. H. Wells, Am. Heart T 8-834 
1933. 


An interesting case is described of partial rupture of the aorta a little above 

the attachment of the aortic valve, due to so-called idiopathic medial necrosis, 

followed by dissecting aneurysm, with subsequent rupture of the outer coat into 

the pericardium. This rupture was rapidly fatal. The patient was a physician, 

29 years old. t) t -xt 

R. J. Niehaus. 


The Incidence and Severity of Arteriosclerosis in the Organs from 500 
Autopsies. William B. Wartman, Am. J. M. Sc. 186:27, 1933. 

An analysis of the incidence and severity of arteriosclerosis in the organs in 
500 unselected autopsies is presented. The order of frequency with which the 
arterioles and small arteries of the organs were affected was : spleen, brain, kidney, 
suprarenal gland, pancreas, heart, gastro-intestinal tract, lungs, liver and diaphragm. 
This is in agreement with the observations of most investigators. The arteries of 
the organs which were most frequently involved were also most markedly affected; 
conversely, those of organs least often involved showed mild degrees of arterio- 
sclerosis. The vessels of the diaphragm were frequently implicated. The incidence 
and degree of arteriosclerosis increased with the age. The reports from the litera- 
ture and the results of this study indicate that a generalized arteriosclerotic process 
of a degree sufficiently advanced to be of clinical importance occurs infrequently. 

Author’s Summary. 


Renal Lesions Associated with Multiple Myeloma. E. T. Bell, Am. J. 
Path. 9:393, 1933. 

Renal insufficiency develops frequently in multiple myeloma, especialh’^ in the 
advanced stages. In some instances it is due to arteriosclerosis ; in others it is 
caused by pyelonephritis resulting from compression of the spinal cord or hyper- 
trophy of the prostate. The only direct effect of multiple myeloma on the kidneys 
is that due to the formation of tubular casts of Bence-Jones protein that obstruct 
the tubules and cause atroph 3 L When large numbers of tubules are obstructed, 
extensive atrophy of the cortex and renal insufficiency ensue. There is no evidence 
that the Bence-Jones protein injures either the tubules or the glomeruli. Cortical 
atrophy is caused by obstruction and should not be interpreted as “nephrotic con- 
tracted kidney.” In one instance renal insufficiencj’- was apparentlj'^ 'caused by the 
accumulation of a highh" concentrated protein solution in the glomerular capillaries. 
In two other instances the same condition was found in a few capillaries. 

Author’s Summary. 

Extreme Alteration of the Aortic Valve in Syphilitic Aortitis. 0. 

Saphir and J. Stasney, Am. J. Path. 9:431, 1933. 

Two cases of syphilitic aortitis with involvement of the aortic valve are reported. 
In both instances the involvement of the valve reached extreme degrees, causing 
transformation of one sinus of Valsalva into a cavity in one instance and almost 
complete disappearance of a part of one sinus of Valsalva in the other. Reports 
of only eight similar cases were found in the literature. Histologically, granulation 
tissue and much fibrosis and hj-alinization were found within the commissures and 
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the adjacent parts of the adherent aortic cusps. The granulation tissue had spread 
from the aortic intima through the commissures and also through the base of the 
cusps into the cusps themselves. The widening of the commissures, which is 
pathognomonic of syphilitic involvement of the aortic valve, was the result of 
adhesions between the cusps of the aorta and the corresponding aortic wall. The 
widening o/ the commissures, therefore, cannot be explained on a mechanical, but 
must be explained on an inflammatory', basis. Authors’ Su.mmarv. 

Rheumatic Heart Disease without Vaevui-itis. C. Z. Garber, Am. J. Path. 
9:443, 1933. 

Seventeen cases have been noted in the literature in which the diagnosis of 
rheumatic fever was made at autopsy and in which all the valves of the heart were 
apparently free from rheumatic lesions; all these cases exhibited myocarditis with 
Aschoff bodies present, and in four cases pericarditis was also present. An addi- 
tional case of chronic rheumatic fever is reported, based on present criteria, in 
which the valves of the heart were free from rheumatic lesions. Aschoff bodies 
were not found, and the diagnosis of rheumatic fever depended on the presence of 
characteristic lesions in the left auricle, scars in the media and diffuse infiltrations 
of the heart and of the adventitia of the aorta and the pulmonary artery by inflam- 
matory cells. Death occurred one y’car and eight months after the first symptoms 
of congestive heart failure, following administration of quinidine. An embolus, 
accounting for the mode of death, was found in the riglit internal carotid artcr.v. It 
is believed that this was formed on the rheumatic endocardial lesion in the left 
auricle. , Author’s Summary. 


The Relation of Hepatitis to Cholecystitis. J. F. Noble, Am. J. Path. 

9:473, 1933. 

Infiltration of the portal spaces by lymphocytes and polymorphonuclear leuko- 
cytes is seen almost constantly in the liver at autopsy. This portal infiltration 
seems to have no particular relation to generalized infections or to any specific 
type of disease and apparently bears no relation to tlie nonclinical cholecystitis 
frequently found in routine postmortem examinations. The latter is seen less 
frequently in the female than is clinical cholecystitis and is more frequent in the 
younger age groups. In the series of autopsies studied cirrhosis occurred too rarely 
to justify the conclusion that the hepatitis described has an etiologic relation to 
cirrhosis. .Author’s Summary. 


Bone Marrow in Tularaemia. R, D. Lillie and E. Francis, Pub. Health 
Rep. 48:1127, 1933. 

Focal lesions were almost constantly present in the bone marrow of rodents with 
acute tularemia in the five species of rodents in which the marrow was system- 
atically studied. They were frequent in the bone marrow also of rabbits and 
guinea-pigs with subacute tularemia. The focal lesions in the marrow in subacute 
tularemia often became granulomatous, but also often remained as simple focal 
necrotic changes, while lesions in other organs were granulomatous. There was 
a greater tendency to granulomatous reaction in rabbits which had been repeatedly 
inoculated with living cultures of Bacterium tularense; but in some of these in 
which marked granulomatous reactions were present in the lungs within a few 
days after the last inoculation, the lesions were in all probability assignable to the 
inoculation carried out a month or more previously. Aside from focal lesions, there 
appeared to be some destructive action affecting the more mature cell forms of the 
marrow. It appears probable that focal lesions may be encountered in the bone 
marrow of man when a more extensive search is made. 
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A Case of Gonococcal Endocarditis with Rupture of the Aortic Valve 
AND Death. William B. Porter, Heart 16:201, 1933. 

A case of gonococcic endocarditis is reported in which rupture of the aortic cusp 
was heard to take place during life. The rupture was followed immediate!}^ by 
acute and fatal edema of the lungs. A Negress, aged 16, entered the hospital 
with acute gonococcic vaginitis of four weeks’ duration and acute arthritis of tivo 
days’ duration. The heart showed no demonstrable enlargement. A soft systolic 
murmur was heard over the precordium. The pulse rate was 118 and regular. The 
blood pressure was 120 si'stolic and 65 diastolic. Three days after admission acute 
gonococcic conjunctivitis developed in the left eye. Nine days after admission the 
systolic murmur had definitely increased over the base of the heart, and a low- 
pitched diastolic murmur was audible along the left border of the sternum. A 
blood culture showed a growth of gonococci. Seventeen days after admission, while 
the heart was being auscultated, the diastolic murmur suddenly increased in intensity 
and became musical. The patient soon became dyspneic. Moist rales were heard 
over both lungs, and pink, froth}-- fluid began to flow from the nose and mouth. 
The pulmonar}- edema progressed rapidly. The pulse rate rose to 140. The patient 
became unconscious and died about twenty minutes after the onset of the pulmonary 
symptoms. Autopsy, performed the following day, revealed edema and congestion 
of the lungs. The right lung weighed 590 Gm., and the left, 600 Gm. There 
was a thin, blood-tinged fluid in the bronchi and the myocardium was soft and 
pale. The heart weighed 310 Gm. There was perforation of the two anterior 
aortic cusps, one perforation being 6 mm. and the other 4 mm. in diameter. A 
low verrucous, friable, pinkish-white vegetation was seen on the margins of the 
perforations. Microscopically, there were: edema, fibrinous exudation, leukocytic 
infiltration and moderate histiocytic proliferation in the cusps of the aortic valve, a 
small abscess in one cusp, scattered foci of interstitial polymorphonuclear infiltra- 
tion in the myocardium, pulmonary alveoli filled with serous fluid in which were 
alveolar phagocytes containing blood pigment, and pulmonary congestion. Porter 
concludes that the change in the diastolic murmur was due to rupture of the aortic 
cusps, resulting in aortic regurgitation, cardiac failure and pulmonary edema. 

Esther Marting. 

Renal Lesions in Eclampsia and Nephritis of Pregnancy. D. Baird and 
J. S. Dunn, J. Path. & Bact. 37:291, 1933. 

The common lesion in the kidneys in fatal eclampsia is glomerular and is char- 
acterized by thickening of capillary walls and of endothelium, leading to some degree 
of obstruction to the flow of blood. Tubular changes are less constant, and may 
be of secondary import. A degree of this lesion probably constitutes the anatomic 
basis of the albuminuria of pregnancy. In a case of renal cortical necrosis diffuse 
glomerulitis had existed prior to the occurrence of the necrosis. 

Authors’ Summary. 

Interpretation of Renal Changes in Lipoid Nephrosis. P. Gerard and 
R. CoRDiER, Arch, internat. de med. exper. 8:225, 1933. 

Gerard and Cordier injected normal serum and serum rich in cholesterol intra- 
peritoneally in a series of salamanders and frogs under varying conditions. Then 
the kidneys were fixed in solution of formaldehyde, and frozen sections were made 
and examined with Nicol prisms under polarized light. They found that cholesterol 
cannot filter through normal glomerular epithelium. However, if this is rendered 
permeable by previous injection of egg albumin, cholesterol comes through and is 
deposited in the epithelium of the convoluted tubules. In clinical lipoid nephrosis 
the albuminuria renders the glomerular epithelium permeable to cholesterol, which 
thus enters the convoluted tubules and is there reabsorbed by the epithelium. 

Jacob Klei.v. 
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Calcification of the Cardiac Skeleton. Willy Giese, Beitr. z. path. Anat. 

11 . z. allg. Path. 89:16, 1932. 

According to Tandler, the skeleton of the heart consists of the fibrous frame- 
work which connects the musculature of the ventricles and the atria. In more 
than 700 autopsies, calcification of this portion of the heart was observed 72 times. 
There were 30 cases of calcification of the annuli fibrosi, 2 of calcification of the 
aortic valves and 22 of combinations of both. In 8 cases the calcification followed 
inflammation. Calcification did not occur as a rule before the fiftieth year of life 
and was more extensive after the sixth decade. The calcification was preceded by 
fattj' degeneration, atheroma, focal necrosis and hyalinization of the collagenic 
fibers. The calcification often caused mitral or aortic vitia, and in a few cases 
calcification of the pars membranacea septi produced heart block. Senility, mechan- 
ical injuries and disturbance of the calcium metabolism may be the ctiologic factors 
in this condition. ^ .'\lkxandek Hellwig. 


Lipoid Substances in Cells of Mesenchymal Origin. J. Goldmann, 
Virchows Arch. f. path. Anat. 287:587, 1933. 

Goldmann believes that two forms of lipoid are to be found in the normal 
mesenchymal cell. One form, called b\' him “integral" lipoid, is an integral part 
of the cell and is always present. The other form is the “infiltrative” lipoid, the 
presence of which is dependent on the intake of lipoids. 

A number of rabbits, guinea-pigs, rats and mice were fed a 5 per cent solution 
of cholesterol in oil for a period of from five to fifteen days. The animals were 
then killed, and various organs and blood smears were examined. Goldmann used 
his own modification for staining lipoid with sudan and naphthol-hematoxylin. With 
this method it was possible to demonstrate the normal “integral” lipoid within 
the leukocytes of the blood, as well as in cells of the various tissues. The intra- 
cellular lipoid structure seems to be largely dependent on the protein structure; 
in pathologic conditions the lipoid granules become separated from the protein and 
may disappear entirely. The reticulo-endothelial cells were found to be filled with 
“infiltrative” lipoid throughout, without apparent damage of the cellular structure. 

W. Saphir. 


The Pancreatic Islets of the New-Born Infant of a Diabetic Mother. 

K. A. Heiberg, Virchows Arch. f. path. Anat. 287:629, 1933. 

A woman with severe diabetes mellitus passed through pregnancj' and deliverj" 
without any untoward events. The diabetic condition improved after delivery. 
The infant died two da 3 's after birth with s 3 'mptoms of hypoglycemia; the blood 
sugar was 60 mg. per hundred cubic centimeters. Microscopic e.xamination of 
the pancreas revealed marked hypertroph 3 ' and h 3 'perplasia of the islets. 

W . Saphir. 


Kohler’s Disease of the Tarsal Navicular Bone in Identical Twins. 

P. Esau, Virchows Arch. f. path. Anat. 287:634, 1933. 

Kohler’s disease, or os naviculare pedis retardatum, consists in a malformation 
of unknown cause. Although the disease ma 3 ’- occur at times without any clinical 
symptoms, it is usually recognized fluoroscopically b 3 ' the multitude of osseous nuclei 
and by the disturbances in calcification of the navicular bone. Esau presents the 
history and roentgenograms of a typical case of this disease in two single ovum 
twins. He concludes that Kohler’s disease is due to a disturbance of embr 3 mnic 
development at an earL^ stage of that development. Saphir 
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Regression of the Sacral Intervertebral Disks and Its Possible Rela- 
tion TO Sacral Chordoma. R. Schwalbe, Virchows Arch. f. path. Anat. 
287:651, 1933. 


In this comprehensive and well illustrated article Schwalbe undertakes to follow 
the fate of the human sacral intervertebral disks. It is known that these disks 
are fully developed in the early stage of life, and that they undergo complete 
regression before osseous union of the five sacral vertebrae takes place. 

Careful and thorough histologic examination was made of sixty-six sacral bones 
of persons of various ages. The youngest person whose sacral bones were examined 
was a premature infant 33 cm. long, while the oldest was a woman aged 84. 

The phases of regression are histologically recorded and described. Osseous 
union of the sacral vertebrae takes place at the end of the second decade. But 
even in the later stages of life evidence of continued osseous and cartilaginous 
activity was frequently observed. 


Rudimentary intervertebral segments of the chorda were found up to the fifth 
decade. The possible development of chordoma from cells of these rudimentary 
rests is discussed. 


The Porotic Form of Paget’s Disease of the Skull. B. Pines, Virchows 
Arch. f. path. Anat. 287:714, 1933. 


A thorough study of a typical case of Paget’s disease reveals that a porotic form 
exists, that is confined chiefly to the skull. Multilocular areas of porosis and 
markedly increased periosteal appositional growth of bone characterize this rare 
form of Paget’s osteitis deformans. -yy Safhir. 


Cyst of the Roof of the Third Cerebral Ventricle. M. A. Bass, 
Virchows Arch. f. path. Anat. 287:790, 1933. 

Cysts of the third cerebral ventricle originate either from the ependyma or 
from the choroid plexus. Only four ependymal cysts and two cysts of the choroid 
plexus were found described in the literature. Bass adds a further case of cyst of 
the choroid plexus. A woman, aged 22, died with symptoms of cerebral tumor. 
Autopsy revealed a cherry-sized cyst on the roof of the third ventricle, which had 
led to obstruction of the circulation of fluid, with subsequent hydrocephalus. The 
cyst was lined with cylindric plexus epithelium and contained a network of 
collagenic and reticulum fibers, in which endothelial cells, fibroblasts and numerous 
corpora arenacea were embedded. Saphir 

Partial Congenital Absence of the Pancreas. Christlieb, Virchows 
Arch. f. path. Anat. 289:241, 1933. ^ 

The author adds one to the small number of reported cases of congenital 
partial absence of the pancreas. The patient was a woman who died at the age 
of 69 of cerebral hemorrhage. On the day before death the urine contained a 
trace of sugar. Sugar had not been present when she was under treatment 
for pneumonia a j'ear and a half before death. The pancreas measured 8 by 4 bj' 
1.5 cm. and was closeb" attached in the concavit}-^ of the duodenum. It consisted 
of a small head, an uncinate process and a small part of the body. Histologically, 
the islets were numerous and large, a condFion interpreted as compensatory. The 
anomaly is ascribed to failure of development of the dorsal anlage of the pancreas. 

O. T. Schultz. 

Congenital Atresia of the Larynx. E. Fritz, Virchows Arch. f. patli. Anat. 
289:264, 1933. 

The anomaly described occurred in a new-born male infant 43 cm. in length. 
Heart tones were heard for from twelve to fifteen minutes after birth ; the applica- 
tion of cold water led to a single spasmodic attempt at respiration. The larynx 
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appeared normal externally, and the epiglottis was normal. The superior opening 
of the lar>-nx was normal, but at a distance of 0.5 an. below the opening the 
larj-nx was closed. The trachea was absent for a distance of 3 cm, below 
the Iar>-nx. The bronchi and a portion of the trachea 1.5 cm. long, superior to the 
bifurcation, were normally formed. A narrow fistula connected the esophagus with 
the lower portion of the trachea. The generalized edema and hypertrophy of the 
lungs that previous observers have noted in atresia of the larynx were apparently 
not present in this instance. O. T. Schultz. 


Ax.vtomic Study of the Esophageal Hiatus of the DiArHR.\GM. R. Xeu- 
M.AXX. Virchows Arch. f. path. Anat. 289:270. 1933. 

This is an anatomic study of the esophagus and stomach in tlie region of the 
diaphragmatic hiatus through which the esophagus passes, undertaken because 
of the clinical importance recently attached to so-called insufficiency and hernia of 
the hiatus. In 250 unselected necropsies the region of the hiatus was studied by a 
technic devised to permit examination without injury to any of the attachments of 
the diaphragm. In 100 necropsies anatomic dissections of the region were made. The 
mechanics of the region was studied by traction of the esophagus and by filling the 
esophagus and stomach. The hiatus is bounded by muscular and musculotendinous 
tissue and is filled in by finely fibrillated clastic connective tissue that is covered 
superiorly by the pericardium and pleura and infcriorly by the peritoneum. The 
cardiac antrum is bounded cephalad by the hiatic sulcus and caudad by the cardiac 
or Arnold’s sulcus. The cardiac antrum is neither anatomically nor physiologically 
a part of either the esophagus or the stomach. The gastric mucosa ceased at 
Arnold’s sulcus in 53 per cent of the bodies examined; in 4 per cent it extended 
upward to tlie hiatic sulcus. Traction and filling revealed the presence of bulbous 
enlargements, termed “bulbi oesophagi" if situated superior to the hiatic sulcus 
and “bulbi antri cardiaci" if situated inferior to this sulcus. The bulbous enlarge- 
ments \'aried in size from that of a walnut to that of an egg. They were present 
in 12.5 per cent of the bodies examined. Xo correlation was noted between the 
clinical or constitutional state and the presence of bulbous enlargements, except 
that every person with a short, thick habitus associated with emphysema and 
cachexia had a bulbous cardiac antnim. The bulbous enlargements were not true, 
hernias. They were not associated clinically with the gastrocardiac symptom 
complex of Roemheld or the epiphrenic syndrome of von Bergmann. Their 
formation is physiologic and is due to changes in the elasticity of the tissue of 
the hiatus, increase in the negative intrapleural pressure and increase in the size 
of the hiatus. ^ .j-. Schultz. 


Acquired Diaphr-agm.atic Herxi.a of the Stom.vch. G. Tuxgfer, Virchows 
Arch. f. path. Anat. 289:463, 1933. 

Jungfer describes a hernia of the stomach through an enlarged esophageal 
foramen into the left pleural cavity. The esophagus was short. The course of the 
blood vessels led him to conclude that the hernia was not congenital but had devel- 


oped after birth. 


O. T. Schultz. 


Lymphograxulomatosis of the Uterus. M. Uddstromek. Virchows .Arch. f. 
path. .Anat. 289:486. 1933. 

Uddstromer collected all the instances of h-mphogranulomatosis reported in 
Sweden between 1915 and 1931 in which the diagnosis was confirmed by histologic 
examination. Involvement of the pelvic organs by direct continuitj' from peh-ic 
limph nodes is not unusual. His material included a case, which he describes, 
in which the involvement of the uterus was diffuse, did not extend beyond the limits 
of the organ and was apparently of hematogenous origin. q t- c_ 
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Arterial Disease in Typhoid Fever. ' Z. A. Gastewa, Virchows Arch f 
path. Anat. 289:636, 1933. ’ ’ 

Gastewa presents two cases of typhoid fever, in one of which there was gangrene 
of the right foot, and in the other gangrene of both lower extremities and one 
upper extremity and terminal hemiplegia. Both patients were young persons, 
aged 15 and 21 years, respectively; hence senile vascular changes are to be e.xcluded! 
The gangrene developed at the height of the disease, on the thirty-ninth day in 
the first case, during a relapse, and on the fourteenth day in the second case. 
Gangrene and hemiplegia were due to arterial thrombosis. In severe cases of 
ti^phoid fever the large and medium-sized arteries present localized areas of degen- 
eration of the elastic tissue and necrosis of the connective tissue of the intinia. 
The intimal changes may lead to thrombosis, which is the cause of the gangrene 
that sometimes complicates typhoid fever. The degenerative lesions of the arterial 
wall may be associated with tears into the media and through the wall. 

O. T. Schultz. 


Periosteal Bone Formation at the Epiphyseal Line in a Case of Con- 
genital Syphilis. G. Gerstel, A^irchows Arch. f. path. Anat. 289:516, 
1933. 

Roentgenologic and anatomic examination of the lower end of each femur of 
a child who died at the age of 7 weeks of congenital syphilis revealed the presence 
of osseous outgrowths at the epiphyseal line. The bony masses had been formed 
by and within the thickened periosteum. The unusual lesion is interpreted as a 
regenerative reactive process evoked by the destructive osteochondritis that was 
present at the junction of the diaphysis and epiphysis. Spirochetes could not be 
demonstrated in the tissues; the patient had been under antisyphilitic treatment 
before death. q Schultz. 

Histologic Changes in the Clinically Unaltered Skin in Syphilis. 
Helene Herzenberg, E. Banjamowitsch and A. Lewin, Virchows Arch, 
f. path. Anat. 289:688, 1933. 

■ Other observers have noted previously cellular proliferative reactions about the 
small blood vessels of the apparently normal skin of persons with syphilis. 
Although most of these observers considered the reaction nonspecific, Lukomski, 
in 1929, held it to be inflammatory and specific. Stadler accepted this view and 
attached great etiologic importance to the reaction in cardiovascular syphilis. 
Herzenberg, Banjamowitsch and Lewin examined histologically the macroscopically 
unaltered skin of thirty-four patients with syphilis in various stages. They 
observed a histiocytic proliferative reaction about the small vessels. But they 
also observed an identical reaction in the skin of a group of patients with diseases 
of the genito-urinary tract and of patients who had undergone operations and in 
the skin removed at necropsy from thirty subjects without s 3 'philis. They interpret 
the reaction as hyperplasia of the perivascular connective tissue brought about 
by metabolic changes in the skin. It is not inflammator}" in origin and has nothing 
to do with syphilis. O. T. Schultz. 

The Pathogenesis of Epifloitis. P. E. A. Nylander, Arb. a. d. path. Inst, 
d. Univ. Helsingfors 7:1, 1933. 

Two cases of omental inflammation are reported. In one a splinter of wood 
had perforated the gastro-intestinal tract and provoked a chronic inflammation of 
the omentum, with numerous giant cells. In the second case there was a chronic 
inflammatory swelling of the omentum, which was adherent to the transverse colon, 
probably as a result of a previous laparotomy. A variety of factors may cause 
omental inflammation, among which are previous operations, foreign bodies (fish 
bones, needles) and gastro-intestinal parasites, such as Taenia, Oxj'uris and 
Distoma hepaticum. ’ Jacob Klein. 
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Microbiology and Parasitology 

The Prognosis in Gonococcal Endocarditis. Albert B. Newman. Am. 

Heart T. 8:S21. 1933. 

Gonococcic endocarditis does not necessarily carry with it a fatal outcome. The 
literature on cases in which recoverj- was reported to have occurred is reviewed 
in detail. A case of postabortal gonococcic sepsis with gonococcic endocarditis and 
peripheral embolic phenomena, focal glomerulonephritis and valvular insufficiency 
which developed under obser\'ation and in which the patient underwent spontaneous 
recoverj- is reported. Author’s Sewimary. 

Gonococcal Endocarditis. \V. W. Br.\ndes. Am. J. Dis. Child. 46:341, 1933. 

.A case of gonococcal endocarditis of the tricuspid valve in an infant 10 days 
old is reported. In all probability, the endocarditis was secondary to gonorrheal 
conjunctiHtis. There was an associated patent ductus arteriosus, which may have 
been associated with the development and localization of the lesion. The child 
in this case is the youngest patient having gonococcic endocarditis reported. A 
report of endocarditis secondary to conjunctivitis could not be found in the 
literature. .\uTnoR’s Sum.m.vry. 

Gonococcic Meningitis in New-Born Inf.^nt. \V. L. Bradford and H. W. 

Kelley, Am. J. Dis. Child. 46:543, 1933. 

In a new-born infant normally delivered from a mother with gonococcic 
cen-icitis ophthalmia neonatorum developed on the second day. On tlie sixth day, 
generalized illness occurred, including fretfulnesS. fever, refusal of food and swell- 
ing and redness of the joints. On the eighteenth day. a diagnosis of purulent 
meningitis was established. From the spinal fluid an organism was isolated in 
pure culture which on further study gave the morphologic, cultural, fermentative 
and agglutinating characteristics of the gonococcus. The infant died on the forty- 
first day, and autopsy revealed purulent meningitis. The same organism was 
isolated from the meningeal exudate. In view of the clinical and bacteriologic 
evidence, a diagnosis of gonococcic meningitis seems justified. 

.■\uTHORs’ Summary. 

Culture of the Tubercle Bacillus by the Lowenstein Method. C, W. 

L.aymon, Arch. Dermat. & Syph. 28:35, 1933. 

Laymon cultured tubercle bacilli on Lowenstein's. Korper’s and Dorset’s 
mediums and concluded that Lowenstein’s medium was superior to the other two. 
One hundred and forty specimens of blood from thirt>’-five patients with tuber- 
culosis. tuberculids. lupus eiythematosiis, er 3 'thema induratum. erythema nodosum 
and eiythema multiforme were cultured according to Lowenstein’s method and on 
his medium. All the cultures were negative. Laymon emphasizes tlie difficulties 
of the procedure, the expense involved and the time required. He Is unable to 
explain the entirely negative results. g 


Sporotrichotic Chancre. H. S. Campbell, K. Frost and O. A. Plunkett. 

Arch. Dermat. & S 5 -ph. 28:61, 1933. 

A small lesion over the dorsum of the distal interphalangeal joint following 
a scratch healed slowl}' and then broke down and remained for five months. 
Cultures of the seropus on Sabouraud’s medium gave no growth. Some of the 
tissue placed on Sabouraud's medium gave a growth of Sporotrichum. The organ- 
ism was inoculated intraperitonealh' and subcutaneously in several rats and guinea- 
pigs, and in only one rat could it be recovered from a subcutaneous lesion. The 
authors emphasize the difficulty of recovering Sporotrichum from some lesions. 

S. W. Becker. 
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Focal Cell Reactions in Tuberculosis and Allied Diseases. Theobald 
Smith, Bull. Johns Hopkins Hosp. 53:197, 1933. 

“The idea presented in the foregoing pages is the stimulating activities of the 
tubercle bacillus. This may manifest itself in many grades of intensity, leading 
to the development of epithelioid cells, giant cells, the stimulation of fibroblasts, 
and possibly the direct production of necrosis in high concentration. The epithelioid 
cell is not related to the macrophage either as to origin or function. It is formed 
locally through contact of its progenitors with parasites or their products. It 
differs in these respects from polymorphs which are frankly phagocytic. Their 
activity amounts to a protection of the host generally, whereas the progenitors 
of the epithelioid and foreign body giant cells tend to perform this function locally. 
This idea is in contrast with the concept of phagocytosis which postulates prompt 
specific aggressiveness on the part of tissue cells. The idea implies, moreover, 
that immunity tends towards lesser and lesser susceptibility on the part of the cells 
instead of greater activity, and ending finally in the feeblest reaction of the foreign 
body giant cell. The change following primary infection as manifested in secondary 
foci is assumed to be associated with antigenic and antibody products discharged 
from the primary foci which act upon the bacilli in transit and prepare the reticulo- 
endothelial cells for the secondary encounter. Finally it should be emphasized 
that differences in the histological structure of tuberculous lesions appearing more 
or less regularly may imply different races of bacilli as well as genetic or acquired 
differences in the resistance of individuals of the host species. A study of such 
variations among tubercle bacilli is still in its beginnings.” 

Lymphogranuloma Inguinale. H. M. Cole, J. A. M. A. 101:1069, 1933. 

Lymphogranuloma inguinale is a distinct granulomatous entity involving the 
lymph nodes and is generally venereal in origin. After incubation for from one to 
several weeks, and not necessarily manifested by a primary sore, the disease results 
in the formation of a chronic bubo which eventually suppurates. In the female 
and rarely in the male the lymph nodes around the lower portion of the rectum 
may be involved, the inflammator)" reaction often resulting in stricture of the 
rectum. Occasionally in the female there may be involvement of the lower part 
of the vaginal wall and of the labia in the form of a chronic ulcerative elephantiasis 
— esthiomene. The cause of lymphogranuloma inguinale is a filtrable virus which 
can be transferred to several of the lower animals (monkeys, rabbits, white mice, 
guinea-pigs). A specific diagnostic cutaneous reaction (Frei reaction) has been 
evolved, an emulsion of material from unbroken involved nodes being used as the 
antigen. A series of positive Frei reactions were obtained in patients suspected 
of having had the disease in the past. Among them were two who had buboes 
thirty years before, and one who had a bubo between thirty and forty years before. 
This allergy of the skin apparently persists through life. Thirty-seven persons 
with lymphogranuloma inguinale and bubo formation, as well as two with esthiomene 
and thirteen with anorectal symptoms and stricture of the rectal wall, gave positive 
Frei reactions and many had no history or signs of syphilis or of tuberculosis. 

Froji Author’s Summary. 

Lymphomatosis, AIyelom.atosis and Endothelioma of Chickens Caused by 

A Filterable Agent. J. Furth, J. Exper. Med. 58:253, 1933. 

A new transmissible strain of leukosis of chickens is described that causes 
(a) lymphomatosis with or without formation of tumors and with or without 
leukemia, (b) myelocytomatosis with or without leukemia and (c) endothelioma. 
All these diseases are transmissible by material free from viable cells, and the 
available evidence indicates that they are caused by a single filtrable agent. 

Author’s Summary. 
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Coryza of the Domestic Fowl. J. B. Nelson, J. Expcr. Med. 58:289 and 
297, 1933. 

By a method combining filtration and cultivation, an unidentified gram-negative 
bacillus was isolated from the nasal exudate of fowl experimentally infected with 
an uncomplicated coryza. Isolation was accomplished by cultivation of the nasal 
exudate on sealed blood agar plates after unsuccessful attempts to produce colonies 
on open plates. Injection of the organism into the palatine cleft of a normal bird 
was regularly followed by an inflammation of the nasal mucosa and a discharge 
from the nares. A para-influenza bacillus which was also recovered from the 
nasal tracts of affected fowl was innocuous. Certain cultural characters of the 
bacillus, bearing on its classification, arc discussed. 

Three types of an uncomplicated fowl coryza, differing in onset and duration 
of symptoms, developed after nasal exudate from fowl naturally infected was 
injected intranasally into normal birds. With two of the types protection tests 
were carried out in an attempt to explain why the “bacilliary” disease regularlj’ ran 
a shorter course than the “exudate” disease. Reciprocal protection was demonstrated 
in one case, but in the other the birds which had recovered from the “bacilliary” 
disease were susceptible to reinfection from the e.xudate. There was no indication, 
however, that a second infectious agent was present in the exudate, and the failure 
to cross-immunize was ascribed, rather, to a reduction in the immunizing properties 
of the specific bacillus induced by artificial cultivation. It was also noted that 
the coryzas produced by injection of exudate and bacilli, respectively, could be 
transmitted from infected birds to normal ones by direct contact. In both cases 
one bird out of five failed to contract coryza on exposure. When the respective 
agents to which these two birds had been exposed were later injected into them, 
the birds were found to be resistant. Author’s Summaries. 


The Effect of a Primary’ Infection on Contact Tuberculosis in Rabbits. 

M. B. Lurie, J. Expcr. Med. 58:305, 1933. 

Seventy-three per cent of normal rabbits exposed for about one year to cage 

mates infected with tubercle bacilli of bovine type acquired respiratory or alimentary 

tuberculosis, which was fatal in 50 per cent of the cases ; 63.6 per cent contracted 

tuberculosis during the first six months. Of rabbits vaccinated with tubercle bacilli 

of human type and e.xposed in the same cages at the same time, only 36.8 per cent 

acquired tuberculosis during the first six months. Later this resistance waned, and 

by the end of the year altogether 60 per cent had contracted tuberculosis, of which 

38 per cent succumbed. The disease in the vaccinated rabbits was shown to be 

of exogenous origin by the isolation in pure culture from the same rabbit of the 

human type of bacillus from the primary infection, and of the bovine type of 

bacillus from the naturally acquired lesion. The vaccination reduced the incidence, 

extent and mortality of the disease, affected the route of infection, changed its 

pathologic character, and retarded its progress. The disease acquired by vaccinated 

rabbits shared many characteristics with the type of tuberculosis found in adult 

human beings. It is suggested that this method may be used with relative ease 

in studying many phases of naturally acquired tuberculosis in small laboratory 

animals. . , „ 

Author s Sum.maryl 


The Particulate Nature of the Bacteriophage. R. F. Feemster and 
W. F. Wells, J. Exper. Med. 58:385, 1933. 

Experimental evidence is brought forward to show that the bacteriophage obeys 
very closely the laws of chance distribution of particles in suspension. 

Authors’ Summary. 
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PSEUDORABIES (INFECTIOUS. BuLBAR PARALYSIS, MaD Itch). E. W. HuRST 

J. Exper. Med. 58:415, 1933. 

The histologic aspects of pseudorabies differ materiall 3 ^ in various animal species. 
In the rabbit, subcutaneous, intradermal or intramuscular inoculation leads to 
local inflammation and necrosis. The . infection ascends the peripheral nerves 
(possibly both interstitially and by the axis-cylinders) to the corresponding spinal 
ganglions and segments of the spinal cord, where primary degeneration of nerve 
and glial cells takes place. The nerve cell changes are probably responsible for 
the cardinal symptom of the disease, itching. Death ensues soon after the virus 
reaches the medulla, before visible changes have been produced there. Intra- 
cerebral inoculation is followed by characteristic lesions in the meninges, in subpial 
glial cells and in superficially placed nerve cells. Morbid changes in the lungs 
are not necessarily related to the presence of the virus, but specific lesions may 
be present. Intranuclear inclusions bearing some resemblance to those seen in 
herpetic encephalitis, yellow fever, etc., occur in cells derived from all embr 3 -onic 
la 3 "ers. The disease in the guinea-pig resembles closed' that in the rabbit and is 
modified only b 3 ’’ the slightly greater resistance of the guinea-pig. In the monke 3 ', 
after intracerebral inoculation, widespread degeneration and necrosis of cortical 
nerve cells occur and are accompanied by specific nuclear alterations in nerve and 
glial cells but not in cells of mesodermal origin. No lesions are found in other 
viscera. In the spontaneous disease in the cow the lesions approximate those in 
the monke 3 '^ more closeb' than those in the rabbit. In the pig, vascular and inter- 
stitial lesions predominate, degeneration of nerve cells is relativel 3 '’ slight and typical 
inclusions are not observed. These differences probably explain the benign course 
of the malad 3 ' following subcutaneous inoculation in this animal. The b^mphatic 
system also participates in the reaction to the virus. Author’s Summary 

Intranasal Virulence of Pneumococci for Mice. L. T. Webster and 

A. D. Clow, J. Exper. Med. 58:465, 1933. 

Smooth colony pneumococci freshly isolated from human beings and instilled 
in small doses into the nasal passages of special mice raised under standard con- 
ditions brought about a characteristic infection, and this spread to healthy contacts, 
inciting in them either a fatal infection or development of the carrier state. Differ- 
ences in the response of individual hosts to the same dose of a given culture ranged 
from a complete^" refractory or nasopharyngeal carrier state, or a local cervical 
lymphadenitis, to fatal lobular or lobar pneumonia with or without pleurisy, 
empyema and pericarditis, and acute fatal septicemia. The pneumococci exhibited 
consistent individual strain differences with respect to abilit 3 ’' to infect when 
instilled intranasally into mice, and also differences in spread to contacts. Degree 
of intranasal virulence paralleled demonstrable ability to spread to contacts. Degree 
of intranasal virulence of strains did not parallel degree of intraperitoneal virulence 
in 50 per cent of the strains — high intranasal virulence was accompanied by either 
high or moderate intraperitoneal virulence, and low intranasal virulence by high, 
moderate, or low intraperitoneal virulence. Type III strains were of relatively high 
intranasal and intraperitoneal virulence; type II strains were mostly of low intra- 
nasal but of high or moderate intraperitoneal virulence. Most strains of other 
types were of low intranasal as well as low intraperitoneal virulence. The intra- 
nasal virulence of the pneumococci was not enhanced by passage through animals. 
Nasal passage reduced the intranasal virulence to zero but did not affect the intra- 
peritoneal virulence, form of colony and agglutinative specificity. Intraperitoneal 
passage maintained the characteristic level of the intranasal virulence for a period, 
increased the intraperitoneal virulence in some instances, but did not affect the 
form of colony or the agglutinative properties. Authors’ Summary. 
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The Fibrikolytic Activity of Hemolytic Streptococci. W. S. Tillett 
and R. L. Garxer, J. E.vper. Med. 58:485. 1933. 

Broth cultures of hemolytic streptococci derived from patients are ppable of 
rapidly liquefying normal human fibrin clot. The active fibrinolytic principle is also 
contained in sterile cell-free filtrates of broth cultures. The degree of activity of 
the filtrates parallels the activity of the whole broth cultures sufficiently closely 
to indicate that large amounts of the fibrinolytic substance are freely excreted into 
the surrounding medium and pass readily through Berkefeld V, Seitz and Chamber- 
land filters. The occurrence of fibrinolysis is most strikingly observed when plasma 
or fibrinogen is mixed with active cultural material before the formation of the clot 
is effected. Under the standard experimental conditions described, complete dis- 
solution of human plasma clot (whole oxalated plasma plus calcium chloride) occurs 
in about ten minutes ; complete dissolution of human fibrinogen clot (chemically 
isolated fibrinogen minus the thrombin) takes place in about two minutes. Titra- 
tions of the activity of the filtrates arc recorded in table 4 in the article. Twenty- 
eight strains of Streptococcus haemolyticus isolated from patients suffering from 
various manifestations of streptococcic infection have been tested for capacity to 
liquefy fibrin clot. Broth cultures of all the strains induced fibrinolysis. Of 
eighteen strains of Str. haemolyticus of animal origin, only three were capable of 
causing dissolution of fibrin clot. Completely negative results were obtained with 
thirty-eight strains of other bacterial species. The plasma of many patients who 
had recovered from acute infections with hemolytic streptococci, when clotted in 
the presence of active cultures, was highly resistant to fibrinolysis. Furthermore, 
serum derived from patients whose plasma clot was resistant often conferred on 
normal plasma clot an antifibrinolytic property. One example of the resistance 
possessed by the blood of convalescent patients is presented in this report. A 
second article, now in preparation, will gwe in detail a large number of observa- 
tions on the relation of infection to the development of resistance to the fibrinolytic 
activity of hemolytic streptococci. In contrast to the susceptibility of normal 
human fibrin clot, rabbit fibrin clot is totally resistant to dissolution when tested 
under comparable conditions. The insusceptibility of rabbit fibrin clot is manifest 
provided the coagulum is composed of rabbit constituents. When human thrombin 
is used to clot rabbit plasma or fibrinogen in the presence of active cultures, 
fibrinolysis is not prohibited. The role of thrombin in determining the resistance or 
susceptibility of rabbit fibrin to dissolution offers a suggestive approach to problems 
relating to the underlying mechanism. Authors’ Summary. 


The Relatiox of Vitamix C Deficiexcy to Ixtestixal Tuberculosis ix 
THE Guixea-Pig. M. l^IcCoxKEY and D. T. Smith, J. Exper. Med. 58:503, 
1933. 


Seventy-two adult guinea-pigs were fed tuberculous sputum daily for periods 
ranging from six weeks to four months. Thirty-seven of these were maintained 
on a diet partially deficient in vitamin C; twenty-six acquired ulcerative intestinal 
tuberculosis. Of the remaining thirty-five animals, the diet of which was supple- 
mented by an adequate amount of vitamin C, only two acquired tuberculous ulcers 
in the intestines. From these studies we conclude that the ingestion of tubercle 
bacilli is not the sole factor in the production of intestinal tuberculosis in the 
guinea-pig. In our opinion, an adequate supply of vitamin C usually' protects the 
guinea-pig against ulcerative intestinal tuberculosis. Authors’ Summary 


The Titratiox of Poliomyelitic Virus Coxtaixixc Tissue. iM. Brodie, 
J. Immunol. 25:87, 1933. 

Rhesus monkeys appear to have a uniform susceptibility to the virus of polio- 
myelitis and so it is possible to determine the minimal completely paratyzing dose 
(M. C. P. dose) for cord specimens. In passage of the virus through monkeys 
the mfectivity of cord tissue varied from animal to animal; so, if experimental 



700 


ARCHIVES OF PATHOLOGY 


results are to be compared, the}^ must be expressed in terms of the M. C. P. dose 
of virus. Intracerebral inoculation of from 1 to 80 M. C. P. doses did not appear 
to influence the period of incubation or the course of the disease, but borderline 
infective doses prolonged both, while overwhelming amounts of virus shortened 
them. Subinfective intracerebral doses of the virus of poliomyelitis failed either 
to immunize animals or to render them more susceptible to the virus. 

Author’s Conclusions. 

Filtrable Virus Carriers.. C. S. Gibbs, J. Infect. Dis. 53:169, 1933. 

Filtrable virus carriers are reported in hog cholera, rinderpest and infectious 
laryngotracheitis of poultry. This is the first instance in which filtrable virus 
carriers have been identified a priori by laboratory tests and not merely referred 
to as possibilities through reasoning a posteriori. Studies of this nature are 
important, for an exact knowledge of carriers is indispensable to any program 
for the control of disease. Author’s Summary. 


Tubercle Bacillus Dissociants and Variants. F. B. Seibert, E. R. Long 
and N. Morley, J. Infect. Dis. 53:175, 1933. 

A typical avian tubercle bacillus (Van Es, 1921) grew in rough, dry colonies 
on Long’s synthetic medium and in smooth, greasy colonies on Petroff’s egg 
medium. The S bacilli were longer, more slender, more beaded and less acid-fast 
than the R bacilli, and tended to stratify, whereas the R bacilli piled up in irregular 
loose clumps. In the few experiments carried out, the S bacilli proved more 
virulent for hens than the R bacilli. Differences were conspicuous in the spleen. 
Soon after inoculation of the hens with S bacilli numerous minute tubercles formed, 
which were noncaseous and loaded with bacilli. In hens infected with R bacilli 
at the same time, tubercles were fewer, larger and caseous, with few visible bacilli. 
At a later period the lesions were more nearly alike, but more numerous in the 
hens infected with S bacilli. Chemically the S form of the avian bacillus differed 
from the R form in several respects. The S bacilli contained less water and 


more fatty material than the R bacilli, and the fatty extracts of the S bacilli 
possessed higher iodine numbers. Comparable chemical fractionations were made 
of two strains of tubercle bacilli of human type and of different virulence, H 37 
and R 1, grown on both Long’s synthetic medium and Petroff’s egg medium. The 
appearance of the colonies did not differ on the two mediums, but characteristic 
chemical differences existed as in the case of the two visibly different forms of 


avian bacilli. 


Authors’ Summary. 


kloNiLiAsis with Meningeal Involvement. L. W. Smith and M. E. Sano, 
J. Infect. Dis. 53:187, 1933. 

A case of moniliasis involving the meninges in an infant of 22 months is 
presented. Bacteriologic studies suggested that the organism is of the type of 
Monilia albicans although it presents certain minor cultural, fermentative and 
serologic variations. Experimental data show that the organism is highly patho- 
genic for rabbits and in these animals tends to have a curious and unusual neuro- 
pathic 'affinity, producing invariably, on intravenous inoculation, definite meningitis 
as well as focal lesions in the brain." In this respect, the organism is much more 
virulent than the control strains, which less rcgularl}' produce involvement of the 
central nervous system. Authors’ Summary. 


Bacteriophage of Bacillus Pertussis. L. W. Sauer and L. Hambrecht, 
J. Infect. Dis. 53:197, 1933. 

The bacteriophage of Bacillus pertussis was produced by growing young 
cultures of old strains of B. pertussis in a concentrated fresh sewage bouillon 
which contained a small amount of defibrinated blood. Lysis was transmitted in 
series, and platings made from such lysed tubes gave evidence of plaques. 

Authors’ Sujimary. 
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Micromotion Pictures of the Growth of ^Iycobacterium Phlei. R. W. G, 
Wycoff and K. C. Smithburn, J. Infect. Dis. 53:201, 1933. 

Micromotion pictures have been made of the development of the timothy grass 
bacillus, Mycobacterium phlei, on solid mediums. In the phase of active growth 
the bacteria are rods which multiply only by transverse fission. As they age, the 
rods fractionate into coccobacilli, maiw of which eventually round up into deeplj' 
staining acid-fast cocci. These cocci apparently represent a resting stage of the 
organism. On a fresh medium they (1) elongate into bacilli, (2) sprout into rods 
smaller in diameter than the spheres from which they spring or (3) through 
coccoid division produce smaller cocci that eventually become rods. There is no 
evidence that in M. phlei these growth changes are repetitively cyclic. 

Authors’ Summary. 


Gonococcic Meningitis. M. M. Strumia and J. J. Kohuhas, J. Infect. Dis. 

53:212, 1933. 

Involvement of the nervous system by gonococcic infection appears to be rare. 
There are in the literature only seven approved cases of gonococcic meningitis, 
including our own. In addition to these, ten other cases have been reported as 
cases of gonococcic meningitis in which that diagnosis is probably correct. Even 
if the seventeen cases are all accepted as authentic, they are too few to be treated 
statistically. All proved cases of gonococcic meningitis occurred in the course 
of acute gonorrheal infection or during acute exacerbation of chronic gonorrheal 
infection. Only two of the seventeen cases occurred in women. The ages of the 
patients were from 9 to 30 years, the majority of the cases occurring in patients 
between 18 and 23 years of age. In most of the instances, other and more com- 
mon complications of gonorrheal urethritis occurred before, during or after the 
meningeal symptoms, such as prostatitis, cystitis, arthritis, endocarditis and 
cutaneous exanthem (purpura). In a few instances, however, the meningitic signs 
were the first to appear in addition to the urethritis. Such was the case in our 
patient. In all likelihood, the meningitis follows gonococcemia and is only an 
uncommon localization of a common generalized condition. In two of the seven 
proved cases the patients died, and in only one was an autopsy made. The post- 
mortem observations were similar to those of meningococcic meningitis. If we 
include the probable but not proved cases, six of a total of seventeen terminated 
in death. The therapeutic measures employed appear to be of so varied a nature 
as to make their value doubtful. It can be stated, however, that repeated spinal 
punctures and drainage offer considerable relief from pain and discomfort. It 
appears to be worth while to make a careful bacteriologic study in cases of menin- 
gitis complicating acute gonorrheal urethritis. Authors’ Summary. 

Effect of Feeding Salmonella Organisms to R.\ts. E. Verder, E. Down- 
ing and H. M’. MTlcox, J. Infect. Dis. 53:245, 1933. 

Living Salmonella aertrycke and Salmonella enteritidis, when eaten, caused 
diarrhea in varying percentages of white rats, both those on balanced diets and 
those on diets containing more than a normal amount of starch, sugar or protein. 
The symptoms rarely appeared in less than twenty-four hours after the feeding. 
They would seem, therefore, to result from the multiplication and probable rapid 
disintegration of the swallowed organisms. Authors’ Summary. 

Salmonella Food Poisoning. E. Verder and C. Sutton, J. Infect. Dis 
53:262, 1933. 

Two persons who had eaten heated custard cultures of a recently isolated 
strain of Salmonella enteritidis and five persons \vho had drunk heated or filtered 
washings from similar cultures did not become ill, though in one case the heated 
washings contained a few living organisms. Another person ivho ate a custard 
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culture of another enteritidis strain which had been insufficiently heated to kill 
many of the contained organisms became definitely ill, with diarrhea developing in 
twenty hours and marked prostration in thirty-six hours. Monkeys likewise became 
ill only when living organisms (S. enteritidis) were taken. Their symptoms were 
strikingly similar to those of human beings with food poisoning despite variations 
in the severity of the reactions and lack of uniformity in the positive results. 

Authors’ Summary. 

Relation of Spiral Organisms to the Rough Colony of Bacterium Fusi- 
FORMis. R. Tunnicliff, J. Infect. Dis. 53:280, 1933. 

This study of the colonies of Bacterium fusiforme shows that colonies con- 
taining the bacillary forms are smooth, and that the spiral organisms are dis- 
sociants of the fusiform bacillus, associated with its rough colony. 

Author’s Summary. 

Rocky Mountain Spotted Fever and Boutonneuse Fever. L. F. Badger, 
Pub. Health Rep. 48:507, 1933. 

“Boutonneuse fever of the Mediterranean littoral, first described by Conor and 
Bruch, is an acute, noncontagious, febrile disease transmitted by the tick Rhipi- 
cephalus sanguineus and characterized clinically by fever, headaches, muscular and 
joint pains, and an exanthem.’’ Brumpt concluded on immunologic grounds that 
boutonneuse fever and Rocky Mountain spotted fever are distinct entities. Badger’s 
tests indicate that they are immunologically identical. 

The Relationship Between Zoster and Varicella as Shown by Comple- 
ment Fixation. R. T. Brain, Brit. J. Exper. Path. 14:67, 1933. 

The serums of persons convalescent from herpes zoster and varicella contain 
specific antibodies, which can be demonstrated by complement fixation when the 
vesicle fluids are used as antigens. The vesicle fluid of herpes zoster gives equally 
good fixation in the presence of both herpes zoster and varicella antibodies, and the 
same is true of the vesicle fluid of varicella. These findings are in conformity 
with those of Netter and his colleagues. They indicate the close relationship and 
possible identity of the viruses of herpes zoster and varicella. 

Author’s Summary. 

A Vitamin Necessary for the Growth of B. Sporogenes. C. J. G. Knight 
and P. Fildes, Brit. J. Exper. Path. 14:112, 1933. 

A factor, comparable to a vitamin, necessary for the growth of Clostridium 
sporogenes is described. Its chemical nature is indicated. Evidence is brought 
forward to suggest that this vitamin may be closelj’^ allied to other factors which 
have been described as afiFecting the growth of plants and other forms of life. 

Authors’ Summary. 

Nuclear Inclusions in the Liver in Rift Valley Fever. G. M. Findlay, 
Brit. J. Exper. Path. 14:207, 1933. 

Intranuclear acidophilic inclusions have been found in the hepatic cells of the 
sheep, goat, rhesus monkey, marmoset, rat, mouse, field vole, wood vole, golden 
hamster and gray squirrel infected with Rift Valle 3 " fever. The inclusions develop 
in the nucleoplasm of the hepatic cells and are visible in fresh preparations. The 
inclusions do not give a reaction for fats, thymonucleic acid or masked iron. Their 
development coincides with a margination of the nuclear chromatin on the nuclear 
membrane, which eventually ruptures. The morphologic and tinctorial properties 
of the inclusions are described and compared with those associated with other 
viruses that give rise to inclusions in the nuclei of the cells of the liver. The l.vsis 
of mitochondria and the disruption of the Golgi apparatus in the cells of the liver 
in Rift Valley fever are also described. Author’s Summary. 
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A^\kiation in- Stock Cultures of Meningococci. B. G. AIaegraitii, Brit. 

J. Exper. Path. 14:219 and 227, 1933. 

Great variation in agglutination by "type” serums occurs among single colonies 
of stock meningococci. Littledale (type 1) strains show a tendency to overlap 
into type III to such an extent that these types appear to be approaching inter- 
changeability. There is little evidence of a division of group and specific antigens 
among single colonies derived from stock type cultures. The so-called types I 
and III of the meningococcus are in all probability not fixed types. 

Certain variants of stock strains of meningococci can be detected by the char- 
acteristics of their growth on homologous immune scrum agar. One variant 
develops haloes in this medium and the other does not. Investigation of the 
properties of these variants has indicated that they arc of “smooth” and “rough” 
nature, respectively. This is supported by their differences in growth m various 
mediums, in their fermentation and precipitin reactions and in their effects on 
guinea-pigs. Agglutination and absorption reactions with serums prepared from 
the variants do not agree with the results obtained Iw Enders with his “S” and 
“R” forms. A tentative explanation of this discrepancy is offered. These variants 
are being further investigated. Author’s Summaries. 

The Size of the Virus of Fowl Plague Estimated rv Ultra-Filtration. 

\V. J. Elford and C Todd, Brit. J. Exper. Path. 14:240, 1933. 

The diameter of the elementary particles of the virus of fowl plague as they 
exist in the body fluids of the fowl has been estimated by analytic ultrafiltration 
through graded collodion membranes to be from 60 to 90 microns. Control e.xperi- 
ments in which Staphylococcus K bacteriophage (size, from SO to 75 microns) 
was admixed with a suspension of the virus confirmed the close relationship in 
size between the particles of this phage and those of the virus. Differentiation 
of their filtrabilities was only just possible. .Authors’ Summary. 

Developmental Forms of the Virus of Psittacosis. S. P. Bedson, Brit T. 

Exper. Path. 14:267, 1933. 

Evidence has been produced to show that the forms described in the early stages 
of infection of the mouse with psittacosis are developmental stages of the virus. 
The virulence of the virus in the form of plaques or primary morulae is con- 
siderably less than that of the elementary bodies. The large or intermediate forms 
filter less readily than the elementary bodies, but the latter are thrown down more 
readily by centrifugation. It would appear that the virus of psittacosis produces 
inclusions, though not the fully developed acidophil inclusions characteristic of 
many viruses. It has been found impossible to say whether the plaque is homo- 
geneous — a plasmodium — or an aggregate of virus particles the detail of which is 
obscured by inclusion material. Author’s Summary. 

The Filtration of Spirochaetes Through Graded Collodion AIembranes. 

E. Kindle and W. J. Elford, J. Path. & Bact. 37:9, 1933. 

Filtration experiments in which graded collodion membranes were used showed 
that the limiting porosity for Spirochaeta biflexa is one in which the pores measure 
0.25 micron and that the porosity for Spirochaeta pallida is one in which the pores 
measure approximately 0.4 micron. This is interpreted as indicating a diameter 
of 0.1 micron for the former and a diameter of 0.2 micron for the latter. The 
corresponding figures obtained from photographs made by the method in which an 
ultraviolet ray background is used were approximately 0.11 and 0.33 micron. The 
spirochetes passed readily through the membranes. This method furnishes a simple 
and effective means of separating spirochetes, including S. pallida, from other 
organisms. No evidence was obtained of the existence of a special filtrable phase ' 
with a diameter significantly smaller than that of the spirochete. 

Authors’ Summary. 
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Immunology 

A Diagnostic Test for Infectious Mononucleosis. W. W. Bunnell Am 
J. M. Sc. 186:346, 1933. 

We have employed the sheep cell agglutinin test in over two thousand cases 
representing seventy-six clinical conditions. With the exception previously noted, 
namely, serum disease, we have been unable to demonstrate an appreciable increase 
of heterophile agglutinins for sheep cells in the serums above the normal dilution 
of 1:8. In fifteen cases of infectious mononucleosis we have found a consistent 
increase in all the cases. The titers, ranging from 1 : 64 to 1 : 4,096, apparently 
depended to a considerable extent on the stage of the disease at which the serum 
was obtained and on the severity of the illness. None of the common conditions 
manifesting a similar clinical picture, such as acute adenitis, tuberculous or 
syphilitic adenitis, Hodgkin’s disease, acute or chronic lymphatic or myelogenous 
leukemia, aplastic anemia, purpura haemorrhagica, agranuloc 3 dic angina or Vincent’s 
angina, has shown an increase in heterophile agglutinin titer. In view of these 
observations it seems justifiable to accept the test for heterophile agglutinins for 
sheep cells as a valuable diagnostic procedure in differentiating infectious mono- 
nucleosis from a number of clinical conditions of a far more serious nature. Cases 
presenting a suggestive clinical and serologic picture and blood serum with an 
agglutination for sheep cells in a dilution of at least 1 : 64 can apparently safely 
be diagnosed as infectious mononucleosis and a favorable prognosis given. 

Author’s Summary. 

The Comparative Sensitiveness of the Pirquet and the Intracutanfous 
Tuberculin Tests. J. D. Aronson, D. Zacks and J. J. Poutas, Am. Rev. 
Tuberc. 27:465, 1933. 

Two large groups of white persons near Boston were tested simultaneously by 
both methods. An average of 2.9 per cent of a group of children between the 
ages of 5 and 19 years who failed to react to the Pirquet test reacted to 0.01 mg. 
of tuberculin. When 1 mg. was employed, the percentage of those who failed to 
react to the Pirquet test but reacted to the intracutaneous test averaged 19.1. 
The total number of those who reacted to the intracutaneous test and not to the 
Pirquet test revealed a negligible increase in tbe amount of infection detected by 
this means. Repetition of the Pirquet test yielded a negligible increase. A 
mathematical factor, a “correction figure,” could not be devised to convert results 
by the one method into those obtained by the other. The intracutaneous test can 
be carried out as expeditious!}' as the Pirquet test. The intracutaneous tuberculin 
test is more sensitive than the Pirquet test in determining the incidence of tuber- 
culous infection. Results obtained by the two methods are not directly comparable. 

H. J. CORPER. 

The Persistence of Immunity after the Abolition of Allergy by 
Desensitization. A. R. Rich, F. B. Jennings, Jr., and L. M. Downing, 
Bull. Johns Hopkins Hosp. 53:172, 1933. 

Rich and his associates carried out experiments on Pasteurella aviseptica and 
pneumococcic infection in order to determine whether immunity would be less 
efficient after the abolition of allergy by desensitization. When the capacity for 
reacting with allergic inflammation is completely destroyed by the injection of large 
doses of killed bacteria into the veins of h 3 'persensitive, immune animals, immunity 
to intracutaneous infection with millions of lethal doses of living virulent bacteria 
remains intact. Inflammation at the site of infection in such animals is far less 
than in untreated allergic, immune animals — far less, indeed, than in normal 
controls ; but the bacteria are prevented from spreading from the site and are as 
effectively destroyed as in the allergic, immune body. The immune state so 
greatly enhances the protective power of the inflammatory mechanism that much 
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less, rather than much more, inflammation is required to protect the body from 
infection. Damage to the tissue at the site of infection is also far less in desensitized 
animals than in allergic ones. Even in the highly allergic, immune body, there- 
fore. allergic inflammation is not necessary for protection against infection, and 
in its absence the body is protected with much less damage to the tissue than 
that which occurs in the allergic body. Authors’ Summary. 

Pneumococcus Autolysates in Dermal Infection in R<\bbit. K. Goodner, 

J. Exper. !Med. 58:153, 1933. 

In dermal infections caused by the pneumococcus in rabbits, the addition of 
pneumococcus autolysate to an infective inoculum favors the invasiveness of the 
particular strain employed but does not alter the kind of virulence possessed by 
that strain. Autolysates exhibiting this enhancing property also induce purpura 
in mice and inhibit the coagulation of blood in rabbits. The relation of these 
properties to the infectivity of the pneumococcus and the possible role of bacterial 
autolysis in natural infection are discussed. A.uthor‘s Summ \ry. 

Spreading Bacterial Factor. F. Duran-Reynals, J. Exper. Med. 58:161, 

1933. 

Invasive strains of staphylococci and streptococci contain a soluble factor which 
markedlj' increases the permeability of tissue and enhances the infections produced 
by these organisms, by other bacteria and by vaccine virus as well. The non- 
evasive strains of the same species of staphylococci and streptococci do not contain 
this factor. The enhancing substance elaborated locally by organisms passes into 
the circulating blood and may enhance local infections elsewhere by bringing about 
a general increase of the permeability of tissues. In the phenomena it elicits, the 
factor is similar to the spreading factor e.xtracted from many animal tissues, 
especially from the testicle. Author’s Summ.'\ry. 

Resistance to Pneumococcus Infection in Rabbits. K. Goodner and E.’G. 

Stillman, J. Exper, Med. 58:183 and 195, 1933. 

The dermal pneumococcic infection was employed to determine the active resis- 
tance of rabbits against infection, and an evaluating scale of the gradient of 
resistance was established. The significance of the various degrees of resistance is 
discussed, and the possible general inferences of the observations are indicated. 

The degree and duration of the active resistance against pneumococcic infection 
were determined in rabbits which received intravenous injections of a heat-killed 
suspension of pneumococci of the three principal types. The resistance induced by 
the immunization procedure varied in degree and in duration with each type of 
pneumococcus. Authors’ Summary. 

Vaccination with Heat-Killed and Formaldehydized Tubercle Bacilli. 

R. M. Thomas, T. Exper. Med. 58:227, 1933. 

Rabbits vaccinated with tubercle bacilli killed by exposure to a solution of 
formaldehyde (0.4 per cent) did not show anj'- acquired resistance to subsequent 
infection with bovine tubercle bacilli, while rabbits vaccinated with tubercle bacilli 
which had been killed by heating to 70 C. for one hour survived more than half 
as long again as their controls. Intraperitoneal injection of either the formaldehvde- 
killed or the heat-killed vaccine into guinea-pigs made them skin-sensitive to human 
tubercle bacillus protein. The rate of absorption of the formaldehyde-killed vaccine 
when introduced beneath the skin was similar to that of the heat-killed vaccine. 
Following the intravenous injection of heat -killed tubercle bacilli, it was found that 
a massive tuberculous pneumonia developed in rabbits. A study of the production 
and ultimate absorption of the cellular exudate showed that these processes were 
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similar to those found after the injection of living bacilli. The lesions which 
followed the injection of heat-killed bacilli differed from the lesions found in active 
tuberculosis in that in any one animal they showed a striking uniformity of appear- 
ance, while in the active disease the lungs showed a great diversity in type of 
lesion. Studies of the blood cells during the period of injection of dead organisms 
showed that the changes which are characteristic of the period during which a 
tuberculous pneumonia develops in rabbits (from thirty to forty days after inocula- 
tion) were faithfully reproduced. It is suggested that the process of regression 
described may be similar to that which occurs in tuberculosis of childhood, in 
which rather extensive pulmonary lesions resolve without leaving evidence of 
damage to the parenchyma of the lung. Author’s Summary. 

Effect of Nonspecific Agents on Action of Antipneumococcus Serum. 

A. G. Gelarie and A. B. Sabin, J. Exper. Med. 58:237, 1933. 

Gelarie and Sabin attempted to determine whether or not nonspecific agents are 
capable of exerting any influence on the response of animals infected with the 
pneumococcus to specific serum therapy. They demonstrated that whereas gold 
(empirically chosen) by itself had very little effect on either the course or the 
outcome of the experimental pneumococcic infection, it is nevertheless capable of 
exerting a definite and marked beneficial effect in rabbits treated with a sub- 
effective dose of the specific antiserum. Of the rabbits treated with the subeffective 
dose of serum alone 71 per cent died and only 29 per cent survived. The additional 
administration of gold reversed this ratio with the result that in a large group of 
rabbits which received the combined therapy, 77 per cent survived and only 23 
per cent died. Authors’ Summary, 

Changes in the Titer of Anti-Pneumococcal BIumoral Immunity in 

Adult Human Beings. J. B. Graeser and M. C. Harrison, J. Exper. 
Med. 58:245, 1933. 

Fifty-five persons were tested to determine the pneumococcidal promoting 
activity of their serum against pneumococci of types I and II. By repeated tests 
an attempt was made to study the constancy of the degree of their immunity over 
intervals of from two to six months. In this group were included nine persons 
with common colds and twelve with a severe influenza-like infection. Fifteen of 
the fifty-five persons tested showed a change in titer of their humoral immunity 
against either type I or II or both. Three of these showed an increase, and twelve 
a decrease. In most instances this reaction was a specific one in that the altered 
reaction toward one type was not associated with a similar change toward the 
other t 3 '^pe of pneumococcus. Colds and influenza-like infections apparently e.xerted 
no effect on the titer of humoral immune substances. Authors’ Summary. 

Streptolysins. B. E. Hodge and H. F. Swift, J. Exper. Med. 58:277,. 1933. 

Certain properties of streptolysin in respect of hemolytic power and capacity 
for combining with antistreptolysins have been determined. The hemolytic strength 
may var}' markedl 3 % while under suitable conditions the combining power is constant. 
This stability of combining makes it possible to prepare a large amount of strepto- 
l}^sin, standardize it against serums of known antistreptolysin strength, and use it 
as a reagent over a considerable period for testing the antistreptolysin content of 
unknown serums. A modified technic for making these tests is described. 

Authors' Summary. 

Vaccination of Rabbits with Partially Defatted Tubercle Bacilli. 

K. C. Smithburn, j. Exper. Med. 58:329, 1933. 

A vaccine prepared from partially defatted bovine tubercle bacilli favorably 
influenced the survival time after inoculation with living virulent bovine tubercle 
bacilli. Accompanying this increased resistance was a sustained lymphocytosis in 
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the vaccinated animals. The -vaccine induced a transitor,v anemia and leukopenia. 
A similar preparation of partiallj' defatted human tubercle bacilli possessed the 
power to sensitize guinea-pigs to tuberculoprotein. Author’s Summary. 

The An'tigenic Complex of the :Mexixgococcus. G. Rake and H. W. 
ScHERP, J. Exper. Med. 58:341 and 361, 1933. 

Three fractions have been isolated from autolysates of the meningococcus. Of 
these, one, the type-specific substance, has been described in detail. The same 
type-specific substance appears to be present in organisms of types I and III, but 
a substance differing at least serologically has been obtained from strains of tj'pe II. 

Two group-specific substances, one a polysaccharide and the other a protein, 
have been isolated from the meningococcus. Their serologic properties are 
described. .A.uthors’ Summary. 

Mexixgococcus Precipitinogens in the Cerebrospinal Fluid. G. Rake, 
J. Exper. ^led. 58:375, 1933. 

Precipitin tests on the cerebrospinal fluid from cases of meningococcic menin- 
gitis with monovalent serums demonstrate the presence of type-specific precipi- 
tinogens of the meningococcus. Negative results are secured when the spinal fluid 
is obtained after the commencement of intrathecal serum treatment and also occa- 
sionally when the numbers of infecting organisms are very small. The reaction 
offers an easy and rapid method of ascertaining to which type of meningococcus 
a particular case of meningitis is due, and facilitates the immediate use of mono- 
valent therapeutic antimeningococcus serum. Typing by means of the precipitin 
reaction can be confirmed by agglutination of the strain of organism responsible for 
the infection, if such a strain is isolated. Confirmation by means of agglutination 
has been possible in all the cases discussed in this report. Spinal fluids from 
patients with other diseases of the meninges and central nervous system fail to give 
any precipitin reaction with the monovalent serums. \uthor’s Summary. 

The Specificity of .Allergy to Certain Neisseriae. C. P. Miller and 
R. Castles, J. Exper. Med. 58:435, 1933. 

Bj- means of the reaction to intracutaneous inoculation with bacterial suspensions 
in amounts of 0.1 cc.. bacterial allergy' was demonstrated in rabbits into which 
agar foci containing gonococci, meningococci, ilicrococcus catarrhalis, or Bacterimn 
lepisepticum had been implanted. The criterion of hypersensitiveness is the relative 
size and intensit}' of reaction evoked by an identical dose in “agar focus” and 
control rabbits. Rabbits sensitized to gonococci or meningococci usually reacted 
indistinguishably to either of these organisms, but were less allergic to M. catar- 
rhalis. Similarly, animals sensitized to ^I. catarrhalis gave moderate but not 
maximal responses to gonococci and meningococci. Cross-reactions did not occur 
between Bact. lepisepticum and any of the three cocci. Animals sensitized to the 
four organisms mentioned reacted no more intensely than did controls to hemolytic 
streptococci, staphylococci and rough pneumococci. The hypersensitive state was 
found to begin early in the second week and to end usually by the fourth week, 
being at its height in most instances from the tenth to the twelfth day. The number 
of organisms contained in the agar focus determined the success of the sensitization 
only to the extent that very small and very' large inoculations failed to produce 
the allergic state. In rabbits immunized by' the intravenous injection of liwng 
organisms cutaneous reactions indistinguishable from those in controls developed. 
The secondary' rise” of Andrewes. Derick and Swift was rareh' obsers'ed. 

Authors’ Summary. 
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The Influence of Testicle Extract upon the Effect of Toxins, Bacteria 
AND V1R.USES, AND ON THE Shwartzman and Arthus Phenomena. F. 
Duran-Reynals, J. Exper. Med. 58:451, 1933. 

The lesions produced by the Shwartzman and Arthus phenomena, as well as 
those produced by bacterial toxin and foreign serums in the normal rabbit, are 
spread by testicular extract over a larger area than would otherwise be covered. 
With this spreading of the lesions there is a definite reduction in their intensitjL 
Lesions produced by invasive strains of staphylococci in high dilutions or by non- 
invasive staphylococci at moderate dilutions are definitely lessened in severity or 
even suppressed by the spreading action of testicular extract. Lesions due to 
virus are consistently enhanced by the spreading factor, regardless of the dilution. 

Author’s Summary. 

Neutralizing Antibodies in Abortive Poliomyelitis. J. D. Trask and 
J. R. Paul, J. Exper. Med. 58:531, 1933. 

The neutralizing antibody content for poliomyelitis virus has been tested with 
hoth a human and a passage strain of the virus in serial samples of serums from 
five mild cases of abortive poliomyelitis, and an increase in this antibody content 
has been demonstrated in samples of convalescent serum obtained within four 
Aveeks of the acute illness. Authors’ Conclusion. 

Type-Specific Serum Against Hemophilus Infll'enzae. M. Pittman, J. 
Exper. Med. 58:683, 1933. 

Most of the strains of Haemophilus influenzae that cause meningitis are of the 
same serologic type (b). A horse immunized with a strain of type b gave a highly 
type-specific serum with marked anti-infectious action in mice and rabbits. The 
•evidence at hand indicates that this serum may have practical value in influenzal 
meningitis. 

The Soluble Specific Substance op Pneumococcus Type I. O. T. Avery 
and W. F. Goebel, J. Exper. Med. 58:731, 1933. 

The soluble specific substance of Pneumococcus type I is now regarded, tenta- 
tively at least, as an acetyl polj'saccharide. In this form it accounts adequately 
for all the serologic phenomena of type specificity of Pneumococcus type I. 

Authors’ Conclusions. 

Tissue Culture Studies on the Relation of the Tuberculin Reaction 
TO Anaphylaxis and the Arthus Phenomenon. J. D. Aronson, J. 
Immunol. 25:1, 1933. 

The growth and migration of cells in explants from the spleen and bone marrow 
of tuberculous guinea-pigs are inhibited by the addition of tuberculin; those 
explanted from nontuberculous guinea-pigs sensitized by a single injection of horse 
serum are not inhibited by horse serum. Migration and growth in similar explants 
from tuberculous guinea-pigs sensitized to horse serum are not inhibited by the 
addition of horse serum; they are, on the other hand, inhibited by tuberculin. 
When the Arthus phenomenon was elicited by injections of horse serum into normal 
and tuberculous guinea-pigs the tissue cultures were unaffected by the addition 
of the serum. These experiments on tissue cultures suggest that the mechanism 
underlying the tuberculin reaction is different from the mechanisms of anaphylaxis 
and the Arthus phenomenon. Author’s Summary. 

The Urticarial Skin Reactions in Guinea-Pigs. L. S. Pilcher, Jr., J. 
Immunol. 25:11, 1933. 

Cutaneous reactions typical of urticaria and e.xactly resembling in character and 
time sequence those described in man by Lewis and Grant were produced in 
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guinea-pigs by light skin puncture through a drop of 1 : 100 solution of histamine. 
The vascular changes preceding and accompanying the urticarial reaction could he 
accurately observed by looking through the ear of the guinea-pig while the 
reaction was in progress. “Immediate” anaphylactic cutaneous reactions to antigenic 
horse serum were produced in sensitized guinea-pigs by light puncture of the skin 
through a drop of undiluted horse serum. These reactions were typically urticarial, 
resembling the wheals produced by histamine but having a more gradual and chronic 
sequence of development. Xo general anaphylactic reactions of any kind accom- 
panied any of the cutaneous reactions. The anaphylactic sensitivity of all the 
animals tested was checked by an intracardiac injection of 2 cc. of normal horse 
serum at the end of the e.xpcriment. There appeared to be a fairly definite relation 
between the presence of general anaphylactic sensitivity and the production or 
nonproduction of the typical anaphylactic sensitivity and the degree of production 
of the cutaneous reaction caused by histamine. Author’s Summary. 

Im.mu.vization of RARniTs WITH Heat-Killf.d Tuuerci.e Baciuli. J. Hughes, 
J. Immunol. 25:103, 1933. 

The serum of rabbits vaccinated bj’ repeated injections of heat-killed tubercle 
bacilli shows a progressive increase in its ability to promote phagocytosis of living 
tubercle bacilli by polymorphonuclear and mononuclear cells. The close parallel 
in the bacteriotropic action of the serum on polymorphonuclear and on mononuclear 
leukocytes indicates that the same antibody is concerned in the phagocytosis of 
tubercle bacilli by the two types of cell. The earliest manifestation of bacteriotropic 
action precedes the onset of sensitization, indicated by the cutaneous reaction to 
an injection of dead tubercle bacilli. Infection with living tubercle bacilli has caused 
an earlier appearance of bacteriotropic substance than repeated injections of the 
dead organism, but the titer attained is no higher. Author’s Summary. 

Local Organ Hypersen.sitiveness. B. C. Seecal, S. Seegal and D. Khorazo, 
J. Immunol. 25:207 and 221, 1933. 

When 0.15 cc. of undiluted egg white is injected into the anterior chamber of 
the rabbit's eye, traces may be found for as long as eight days. The egg white 
can never be demonstrated in the serum or the fluid in the anterior chamber of the 
other eye. The injection of 0.15 cc. of undiluted egg white into th'e anterior 
chamber is followed by the appearance of precipitins against egg white in the 
serum. The precipitins reach a titer of 1 : 20,000 or more in about nine daj's. 
Precipitins may also be found in the aqueous humor of the eye into which egg 
white has been injected, though they do not always appear there. In only one 
animal did they reach a titer as great as that of the serum precipitins. Precipitins 
never appear in the fluid in the anterior chamber before they appear in the serum. 
Precipitins are never found in the fluid in the anterior chamber of the other eye. 
When 0.2 cc. of egg white is injected into rabbits in a single dose subcutaneously, 
intravenously or intracutaneously no precipitins against this antigen appear in the 
serum. When the same amount of egg white is diluted and injected in four divided 
doses subcutaneously or intravenously the scrum contains precipitins against egg 
white to the same titer as that obtained by injecting 0.2 cc. of the antigen into the 
anterior chamber of the eye. The rabbit’s eye was passively sensitized by the 
injection of rabbit anti-egg-white-serum into the anterior chamber only once in 
nine attempts. If animals which have been locally sensitized in the eye are allowed 
to rest until no antigen remains in the fluid in the anterior chamber and are then 
given an injection of a “shocking” dose of antigen intravenously, the eye becomes 
inflamed. During the period of inflammation the fluid in the anterior chamber 
of the sensitive eye may contain traces of the antigen. The appearance of antigen 
in the fluid in the anterior chamber of a reacting eye may furnish an explanation 
for the continuation of the hypersensitive stage in this organ, since fresh antigen 
is available for the stimulation of further sensitivity. 
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In rabbits whose right, e 3 'e was inflamed bj’’ the introduction of glj'cerin into 
the anterior chamber, repeated intravenous injections of egg white resulted in a 
specific local sensitization of the eye to egg white in twelve of twenty-one animals 
tested. In control rabbits receiving intravenous injections of egg white alone and 
in other animals whose right eye was injured with glycerin alone the ocular reac- 
tion did not develop when the test dose of egg white was injected intravenously. 
Repeated injections of egg white intravenously in normal animals may bring about 
a degree of general reactivity causing later injections of egg white to produce 
bilateral inflammation of the eyes. Authors’ Summary. 

Nonspecific Precipitins for Pneumococcic Fraction C in Acute Infec- 
tions. R. Ash, J. Infect. Dis. 53:89, 1933. 

Precipitins against the pneumococcic fraction C described by Tilletf and his 
associates appear early in the course of acute infectious disease and disappear 
shortly after the cessation of the infection. These precipitins are not restricted 
to pneumococcic infection but may occur in illnesses due to gram-negative as well 
as to gram-positive organisms. These precipitins have not been noted in S 3 'philitic 
infection and appear in only small amounts, if at all, in tuberculous disease. In 
many instances there is a relationship between fever, an increased rate of sedimenta- 
tion and this phenomenon of precipitation, but the relationship is not constant. 
The phenomenon is not one of maturation, related to age or to previous infection, 
since it may be observed in early infancy. Author’s Summary. 

Agglutination Tests in the Diagnosis of Infectious Abortion in Cattle. 
C. R. Donham and C. P. Fitch, J. Infect. Dis. 53:98, 1933. 

The sensitivity of Bacterium abortus agglutination antigen for either the test 
tube or the rapid test method is increased for most agglutinating serums by the 
addition of either acacia or gelatin to the antigen. It is not uncommon to encounter 
agglutinating serums having identical test tube titers that do not respond in the 
same manner when tested with various kinds of rapid test antigen. The rapid 
and the test tube method should be standardized each by itself and not one on 
another. The influence of varying concentrations of electrolytes (as such) in the 
rapid test method of testing appears to be similar, if not identical, with that in the 
test tube method. At present, the tests cannot be carried out in the complete absence 
of electrolytes. Heating rapid test Bact. abortus antigen does not exert an 3 ' signifi- 
cant influence on its sensitivity. The coagulum formed on the surface of a boiled 
rapid test suspension of antigen has antigenic properties indistinguishable from 
those of the balance of the boiled antigen. There is no evidence to indicate that 
the removal of the coagulum increases the sensitivity of the antigen. Titers can 
be varied by changing the amounts of the antigen. The size of the drops delivered 
with dropper pipets as they have been supplied with commercial rapid test antigens 
varies more than the limits within which variation in the amounts of antigen does 
not yield consistent differences in the titers. A mathematical analysis of the titers 
obtained in rapid tests of bovine serums by different observers and with different 
preparations of antigen shows significant variations in the results. Atypical 
clumping of rapid test antigen may occur. The activit 3 " of specific agglutinin for 
Bact. abortus is not appreciably influenced b 3 ' evaporating the agglutinating serum 
to dr 3 ’’ness. Authors’ Summary. 


Precipitated Diphtheria Toxoid. L. C. Havens and D. AI, Wells, J. Infect. 

Dis. 53:138, 1933. 

The precipitation and purification of diphtheria toxoid by potassium-aluminum 
sulphate are described. Complete precipitation results from the addition of from 
1 to 2.5 per cent of alum. There is little or no loss of specific antigen, while nitrogen 
determinations show that the protein content is reduced to from 13 to 20 per cent 
of the original amount. The antigenic activity of the precipitate is superior to that 
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■of ordinary toxoid. Subcutaneous injection of 0.1 cc. (^1 unit) into guinea-pigs 
protects them against a subsequent injection of at least 5 minimum lethal doses of 
toxin, while 5 units of the precipitate has protected guinea-pigs against 450 minimum 
lethal doses. A single injection of from 5 to 10 units given to children has resulted 
in negative reactions to the Schick test in 96 per cent of these children. The 
superior antigenic character of the precipitated toxoid is probably due to its slow 
absorption with the resultant prolonged immunizing action. 

.\fTHOR'5 SCMM.'lRY. 

Immuxiz.\tiox of Sheep to the Virus of Poliomyelitis. B. F. Howitt. 

T. Infect. Dis. 53:145, 1933. 

It has been demonstrated that antiviral substances may be produced by repeated 
inoculations of poliomyelitic virus into a refractory animal such as the sheep. The 
immunization was accomplished in two animals within five months, not only by 
gi\'ing centrifugated suspensions of \'irus, but by inoculating the washed acetone 
precipitate of such a suspension. Serums of comparable potency were produced 
by eacli method. Serums obtained from tliese animals neutralized the 5 per cent 
monkey passage strain of virus in final dilutions of 1 : 200, 1 : 400 and. in the case 
of sheep, 404. even 1 : 800, while that from sheep 117, which was killed after three 
years of immunization, gave a titer of from 1 : 100 to 1 : 200. The latter serum 
was found to retain its potency for at least tliirteen months. It also showed as 
high a titer as the serum from a patient who had recovered from poliomyelitis, while 
two other human serums failed to give protection in the same dilutions as the 
sheep serums. Human serums stored from nine to eleven months in the icebox 
were found to retain the same neutralizing power for the old virus as that formerly 
observed. Identical results were also noticed with serums obtained one year after 
an earlier bleeding. Comparative neutralization tests with both immune sheep 
serum and human comalescent serum, respectively, against an old and a more 
recently isolated strain of poliomyelitic virus (New York. 1931) gave evidence of 
a certain modification of the old virus after repeated passage through monkeys. 
If the laboratorj' \4rus can be definitely altered by prolonged passage through a 
new host, it is advisable to employ a recently isolated strain both for work on 
immunization and for testing the antiviral power of immune serums. 

.■\uthor's Sl*mm.\ry. 

Rel.\tiox of .\llergy to General Resist.vxce in Streptococcic Infection. 

B. J. Clawson. J. Infect. Dis. 53:157, 1933. 

Resistance to streptococcic infection can be developed artificially without pro- 
ducing a measurable amount of hypersensitiveness (allergy). The state of strepto- 
coccic allerg>- bears no necessarj- relation to general resistance. .-Vllergj- as related 
to general resistance to streptococci seems to be a useless and at times a harmful 
concomitant phenomenon. Author’s Summary. 

Heterophilic .\ntibodies in Serum Disease. I. D.widsohn. T. Infect. Dis. 

53:219. 1933. 

The difference in the development of the heterophilic antisheep agglutinin and 
hemolysin, as contrasted witli the nonheterophilic antirabbit antibodies, points to 
the Forssman antigen in the injected horse serum as the responsible antigenic factor. 

Author's Summ.\ry. 

Neutr.\liz.\tiox of Poliomyelitis Virus. Y. P. Hudson and W. Litterer. 

J. Infect. Dis. 53:304. 1933. 

The serums of twenty-five normal adult white residents of Xashville. Tenn.. 
were tested for abiliti' to neutralize the virus of poliomyelitis. Twenty-one speci- 
mens were larucidal when e-xamined without dilution, and sixteen of tliese neutral- 
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ized the virus \vhen_ tested again in a further dilution of 1 : 5. An analysis of the 
age of the donors in relation to the results showed that those of the upper age 
group (30 to 44 years) had a higher proportion of neutralizing serums and that 
more specimens were virucidal in the arbitrarily chosen dilution of 1 ; 5, than those 
V ^^5 SToup (17 to 29 years). Cases of poliomyelitis have occurred in 

Aashville and in other parts of Tennessee for many j^ears, without, however, 
causing the appearance of epidemics. Most of the cases occurred in areas of denser 
population, but even sparsely settled counties reported cases of the disease more 
or less frequently. Our experimental results are consistent with the epidemiologic 
features of the disease in Southern states. Before we conclude, however, whether 
the neutralizing property demonstrated is a specific response to exposure to the 
virus of poliomyelitis or whether it is a manifestation of serologic ripening with 
maturation of the person, further observations and experimentation must be made. 
The high proportion of persons examined whose serum neutralized virus gives a 
basis for experimentation in the use of such serum in poliomyelitis. 

Authors’ Summary. 

PSECIPITIl^ PRODVCTlOy IN RaBBITS FoLLOWZXG INTRAMUSCULAR INJECTION OE 

Antigen Adsorbed bv Aluminum Hydroxide. L. Hektoen and W. H. 

Welker, J. Infect. Dis. 53:309, 1933. 

In rabbits a single intramuscular injection of aluminum hydroxide carrying a 
measured quantity of antigen may induce the continuous formation of precipitin 
for many months. The aluminum hydroxide .appears to be gradually replaced by 
connective tissue. Antigens adsorbed on aluminum hydro.xide do not separate on 
standing and retain their precipitinogenic properties for at least twelve months and 
probably much longer. Aluminum hydroxide may carry at least ten distinct, 
specific antigens at the same time, and the rabbit may respond to a single intra- 
muscular injection with the specific production of precipitin for each of the ten 
antigens. Authors’ Summary. 

Shwartzman PhenoiMENon. H. M, Klein, J. Infect. Dis. 53:312, 1933. 

Evidence is presented that in patients recovering from systemic gonococcic infec- 
tions and from typhoid fever specific antitoxins developed spontaneously, as demon- 
strated by the Shwartzman phenomenon. It appeared highly suggestive that in 
these patients recovery was related to the formation of antitoxin. The serum of 
certain patients with pre%dous meningococcic infections and of certain controls was 
shown to possess meningococcic antitoxin. This was group specific. The capacity 
of antigonococcic serum to neutralize meningoeoccus-reacting factors and of anti- 
meningococcic serum to neutralize gonococcus-reacting factors is a further evidence 
of the biologic relationship between the gonococcus and the meningococcus. These 
investigations are being extended to the other diseases caused by bacteria possessing 
toxins potent in eliciting the Shwartzman phenomenon. The aim will be to study 
whether spontaneous formation of antitoxin takes place. If further studies are 
fruitful, attempts should be made to confer immunit}"^ against this entire group of 
diseases, actively by prophylactic injections of toxoid and passively by the admin- 
istration of immune serums to actively ill patients. Author’s Summary. 

Tetanus Toxoid in Prophylaxis Against Tetanus. D. H. Bergy and S. 

Etris, j. Infect. Dis. 53:331, 1933. 

Experiments with tetanus toxoid on guinea-pigs showed that three doses of 
1 cc. each bring about a high degree of protection. From the results obtained 
in guinea-pigs, it is believed that man may also be protected against tetanus by 
the administration of several doses of toxoid. This method of protection obviates 
the hypersensitization against horse serum that ma.v occur from passive immuniza- 
tion with tetanus antitoxin. Authors’ Su.mmary. 
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The Purification* of Diphtheria Toxoid. G. F. Leonard and A. Holm, 
J. Infect. Dis. 53:376, 1933. 

A method for the purification of toxoid on a large scale should meet the follow- 
ing requirements: easy manipulation, satisfactory yield, elimination of more than 
50 per cent of the nonspecific protein, flocculation, sterilization by the Berkefeld 
filter, stability for at least one year, and a higher antigenic efficiency than the 
average crude toxoid. None of the methods tested has met all these requirements. 
Precipitation by ammonium sulphate with subsequent dialysis and precipitation by 
acetone and by alum gave the highest yields as measured by flocculation with 
antitoxin. The immunizing value of toxoids precipitated by alum was found to 
be far superior to that of the crude toxoids. Authors’ Su.u'.rARV. 


Tumors 

Histologic Grading of Carcinoma of the Breast. C. D. H.vagensen, Am. 

J. Cancer 19:285, 1933. 

In a series of 164 cases of carcinoma of the breast, which was exceptionally 
advantageous for a study of the relationship of histologic structure to prognosis 
because of the remarkably complete follow-up data and because of the superior 
quality and the large number of the histologic sections, a careful analysis has been 
made as to the prognostic significance of fifteen different histologic characteristics. 
Si.x of these characteristics have been found to have a probable relationship to the 
end-result of treatment. These significant characteristics are, in fact, similar to 
those which Hansemann originally proposed for the determination of the grade of 
anaplasia. The factors of fibrosis and lymphocytic infiltration, recently stressed 
in tumor grading, have been found to be without prognostic import. On the basis 
of these six significant histologic characteristics it would appear that carcinomas 
of the breast can be classified into three grades of malignancy, in which increasing 
grade of anaplasia parallels increasing grade of malignancy as evidenced by the 
tendency of the tumor to metastasize and kill the patient at an early date. It 
should be remembered that a prognosis based on this type of histologic evidence 
cannot claim mathematical accuracy. It should be regarded as an approximation 
and a rough one at that. Malignancy is a biologic phenomenon and does not lend 
itself to exact measurement in mathematical terms. Moreover, the extremes, that 
is, grades 1 and 3, should be given more weight than grade 2, the less definite 
middle class into which a great proportion of carcinomas of the breast fall. 
Knowledge gained from histologic grading should not be regarded as competing 
with clinical data bearing on prognosis, to which it is, of course, subordinate in 
importance. Histologic grading should rather be considered as a new and addi- 
tional, a modest yet valuable increment to knowledge of the disease. 

Author’s Summary. 

Histological Factors in the Prognosis or Mammary Cancer. W. A. 

Evans, Jr., Am. J. Cancer 19:328, 1933. 

An analysis of some microscopic characteristics in regard to prognosis has been 
made in seventy-five operable cases of carcinoma of the breast treated by radical 
operation and short wavelength radiation. In considering the series as a whole, 
anaplasia (lack of differentiation) with respect to tubule formation, characteristics 
of the cytoplasm and irregularities of the cells indicates a shortened postoperative 
duration of life. The difference, however, is so slight that in the individual case 
anaplasia is of no practical importance in determining the outcome. The relative 
arnount of fibrous tissue stroma is of no significance. A high degree of lymphocytic 
infiltration appears to be unfavorable. The addition of radiation therapy to surgical 
treatment does not appear to alter the factors on which a prognosis may be based. 

Author’s Conclusions. 
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Histogenesis of Ewing’s Sarcoma of Bone. P. J. AIeenick, Am J Cancer 
19:353, 1933. 

A consideration of the histogenesis of Ewing’s sarcoma of bone leads to the 
following conclusions : It is not an endothelioma, because tumors derived from endo- 
thelium can only be identified by their possession of unmistakable vasoformative 
properties. It is not a reticulo-endothelial sarcoma, because it possesses few of the 
morphologic and none of the physiologic characteristics of the cells of the reticulo- 
endothelial system. It is not a form of myeloma, because the blood elements that 
are apparently a feature of some cases are probably part of the reactive process 
of periosteal new formation of bone and bone marrow in the periphery that is 
characteristic of this tumor. It is an undifferentiated round cell sarcoma. It 
probably originates from the undifferentiated embryonic mesenchymal cells in the 
connective tissue about the blood vessels in the haversian canals. 

Author’s Summary. 


Polymorphous Sarcoma of the Uterus. R. J. Needles, Am. J. Cancer 
19:364, 1933. 

Sarcoma of the uterus presents a varied cell picture and a certain degree of 
polymorphism. There is, however, a small group of tumors of the uterus with 
a cell picture so varied that they deserve to be termed “polymorphous sarcomas.’’ 
Endotheliomas and giant cell tumors of the uterus show a similarity to certain 
cell groups found in polymorphous sarcoma. More thorough examination of 
different portions of some of these tumors might result in their being transferred to 
the polymorphous group. Three cases are reviewed which seem undoubtedly 
members of this group. A new case is reported, which makes a total of four 
cases to date. From Author’s Conclusions. 


The Calcium, Potassium, and Inorganic Phosphate Content of the Blood 
IN Cancer. H. Jackson, Jr., and F. H. L, Taylor, Am. J. Cancer 19:379, 
1933. 


In thirty-one patients with malignant disease the blood calcium was within normal 
limits or above in approximately SO per cent of the cases. The evidence indicates 
that the hypocalcemia existing in some cases of cancer is due to disturbed nutrition 
and not to cancer per se. An analysis of the thirty-one cases is presented with 
respect to the duration and localization of the tumor, the loss of body weight, the 
involvement of the bones and the gastro-intestinal tract and the age of the patient 
in relationship to the blood calcium. There were no changes in the level of the 
potassium or of the inorganic phosphate of the serum. Data are presented on the 
influence of roentgen therapy on some of the more important inorganic blood 
constituents. Intensive irradiation appears to be without effect on these substances 
in cases of cancer. Authors’ Sujimary. 


Tar Cancer in Mice on Diets Supplemented whth Fresh Liver. A. F. 

Watson, Am. J. Cancer 19:389, 1933. 

There is an increased carcinogenic response in tar-treated mice when the diet 
on which they are maintained is supplemented with fresh liver. The increased 
response is shown bj"^ the earlier appearance of the benign warts and by the larger 
numbers of animals that have warts and epitheliomas. On the other hand, the 
average interval of time between the first treatment with tar and the development 
of malignant growth is not reduced. If the administration of liver is discontinued 
after the appearance of the warts, there is no difference in the rate of development 
of malignancy. The results indicate that it is possible to modify the susceptibility 
of a tissue to the development of malignancy in response to the action of a 
carcinogenic agent. Under the experimental conditions adopted, this modification 
influences the rate of appearance and the numbers of warts ; it also affects the- 
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number of malignant tumors, but it docs not accelerate the onset of malignancy. 
This suggests that the development of benign hyperplasia is conditioned, partly at 
any rate, by different factors. .'’i.UTiiOK’s Summary. 


Infectious Pai’1Ei.omatosi« of Raubits. R. R, Shoi’e, J. Rxper. Ivied. 58:607, 
1933. 

.A. papilloma has been observed in the wild cottontail rabbit and has been found 
to be transmissible to both the wild and the domestic rabbit. The clinical and 
pathologic pictures of the condition have been described. It has been found that 
the causative agent is readily filtralile through Berkefeld but not regularly through 
Seitz filters, that it stores well in glycerol, that it is still active after heating to 
67 C. for thirty minutes, but not after heating to 70 C., and that it exhibits a marked 
tropism for cutaneous epithelium. The activities and properties of the papilloma- 
producing agent vv’arrant its classification as a filtrablc virus. Rabbits carrying 
experimentally produced papillomas are partially or completely immune to reinfec- 
tion and, furthermore, their serums partially or completely neutralize the causative 
virus. The disease is transmissible to domestic rabbits, producing in this species 
papillomas identical in appearance with those found in wild rabbits. However, 
the condition is not transmissible in scries through domestic rabbits. The possible 
significance of this observation has been discussed. The virus of infectious papil- 
lomatosis is not related immunologically cither to the virus of infectious fibroma 
or to that of infectious my.xoma of rabbits. Auxiion’s .Summary. 


Mitogenic Radiation by Cervical Cancer. J. Keenitzky, Ztsebr. f, Krebs- 
forsch. 39:60, 1933, 

Klenitzky^ describes an apparatus by which he was successful in detecting mito- 
genic radiation by cerv’ical cancers in situ. The phenomenon was constantly 
present, but it occurred as well in certain noncancerous conditions — notably erosions 
— so that it cannot be used as a differential diagnostic measure. Nor is absence 
of the radiation in cancerous blood of diagnostic value, since this, too, may occur 
in other diseases; also, with squamous cell cancers, the radiation in the blood 
may persist. In a mouse with a transplanted adenocarcinoma, radiation in the 
blood returned after successful extirpation of the tumor and persisted until the 
death of the animal. tt t.- 


Ciliated Epithelial Cy.st of the Liver. W. Dullin, Ztschr. f. Krebsforsch. 

39:80, 1933. 

In connection with this brief report on a case of ciliated epithelial cyst of the 
liver, Dullin states that it is the sixteenth case of the sort to be reported. 

H, E. Eggers. 

.Seasonable Fluctuations in the Mortality from Cancer. P. Gereb, Ztschr. 
f. Krebsforsch. 39:104, 1933. 

Known seasonal fluctuations in death rates are caused ordinarily by a complex 
of factors frequently defying definite evaluation. The incidence of certain infec- 
tions and that of diseases due more or less directly to vitamin deficiencies reach 
their apex in the winter and spring; respiratory diseases and infantile spasmophilia 
are most frequent in the spring; intestinal infections, especially those of children, 
in summer; typhoid fever, in late summer and fall. In general, however, the 
maximum total death rate occurs in the first half of the year. Cancer is an 
interesting exception to this, as the mortality from it reaches the highest point in 
the last half of the year, standing in this respect in definite contrast to that from 
tuberculosis, with which the reverse is true. A similar periodic variation is shown 
in the rate of growth of transplanted tumors, and Gereb calls attention to the fact 
that this jieriod of apparent greatest growth of tumors occurs at the time of an 
ample sufficiency of vitamins in the diet. tt u t 
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Mixed Tumor of the Breast in Dogs. IC. Nieberle, Ztschr. f. Krebsforsch 
39:113, 1933. 

The mixed tumor of the breast appears to be the commonest one at that site 
in the dog just as- in the human being it is the commonest one in the parotid gland. 
In the course of one year Nieberle saw fifty such tumors, while in the same period 
he saw only seven carcinomas and one adenofibroma of that organ. Almost without 
exception they were perfectly encapsulated and definitely benign. Like similar 
tumors in man, they sometimes showed wide variation in the morphologic elements. 
Glandular epithelium was quite constant, in the form of tubules or in that of simple 
or papillary cysts. Stratified squamous epithelium was more rare. Mucoid con- 
nective tissue was fairly constant, and cartilage was frequent; occasionally they 
contained bone; another element seen with some frequency was a nest of reticular 
cells. In regard to the origin of such tumors, Nieberle dismisses absolutely the 
endothelial theory of Volkmann, as well as that of purely epithelial derivation. 
He regards them as resulting primarily from aberrant embryologic development, 
with the diversity of stroma being due to the effect, on undifferentiated mesenchyme, 
of the adjacent epithelial structures, ^ p. 


Nerves in Tumors. M. N. Meissel, Ztschr. f. Krebsforsch. 39:128, 1933. 

Meissel used in this study of the nerve suppl}^ in malignant tumors those develop- 
ing in tarred mice at sites remote from the areas of tarring. Both precancerous 
papillomas and squamous cell carcinomaS'were studied. In both there were abundant 
nerve fibers, reaching, in the former, 'to the keratinized cells, and originating in 
the nerve supply of the hair follicles; in the malignant tumors they appeared for 
the most part to be newly grown, and this growdh could be traced back to nerve 
cords in the underlying connective tissue. Where nerve cords were compressed 
by the growing tumor they showed marked degeneration and active regeneration, 
similar to that seen after experimental trauma. Such regenerating and proliferat- 
ing nerves penetrated through cancerous tissue, even reaching the epithelial pearls, 
and at times, in the form of fine filaments, establishing close contact with cancer 
cells. Some of them ivere of the morphologic type of the normal intra-epithelial 
nerves. Consequently, in these tumors there were remnants of nerves previously 
present, as well as such as were newly introduced through the processes of prolifera- 
tion and regeneration. rr -p 


Cancer of the Antrum and Metaplasia. W. Schutz, Ztschr. f. Krebsforsch. 

39:152, 1933. 

In a study of the mucosa of the antrum in fifty cases, Schutz could detect with 
certainty metaplasia in four, cylindric epithelium being altered to that of squamous 
cell or undifferentiated (basal cell) type. Morphologically, this appeared to be 
metaplasia of the type which Teutschlaender designated as prosoplastic. Metaplasia 
by dedifferentiation, either direct or indirect, did not appear to occur. The change 
was apparently accomplished by the basal cells. Schutz regards it as a pre- 
cancerous process which in suitable subjects develops into malignant neoplastic 
growth. jj £ Eggers. 

A Primary Carcinoma of Meckel’s Diverticulum. K. Franke, Ztschr. f. 

Krebsforsch. 39:206, 1933. ^ 

A man, 54 years of age, with the symptoms of acute ileus, was found to have, 
about 1.25 mm. above the ileocecal valve, a superficial!}" ulcerated tumor from 
which there escaped slimy mucoid material enough to fill .the peritoneal cavity. 
Its diverticular character was evident grossly; histologically, its structure was that 
of a colloid cancer; there were, however, no metastases, and the course since its 
removal has been uneventful. jv Eggeks. 
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Fibromyoma or the Ascending Colon. R. J. Lebowich. 

At autopsy there was found in the ascending colon a solitary, roughly circular 
growth measuring 9 by 7.5 by 7 cm. This growth was freely movable, sharply cir- 
cumscribed, completely encapsulated and covered over its superior surface by the 
markedly atrophied mucosa of the colon. It partly obstructed the lumen of the 
intestine. On section, the characteristic structure of a fibromyoma was revealed, 
free from degenerative or malignant changes. 

Microscopic sections of the entire growth, stained with hematoxylin and 
erythrosin and with van Gieson’s stain, showed equal amounts of fibrous tissue, 
focally hyalinired, and interlacing bundles of smooth muscle cells, uniform in size, 
shape and staining qualities. 

Primary Carcinoma or the Lung. G. H. Klinck, Jr., and V. C. Jacobsen. 

Case 1. — A white man, 59 years of age, was admitted to the psychiatric service 
because of moodiness and morbid ideas. Six weeks previously hoarseness had 
developed, followed by pain in the chest and abdomen. He gradually became 
stuporous, began to have difficulty in swallowing and died two weeks later. 

At autopsy, the left lung weighed 450 Gm. There was a mass of lymph nodes, 
8 cm. in diameter, at the hilus. These showed neoplastic invasion. In the bronchus 
there was a nodular tumor which greatly narrowed the lumen and spread into 
the adjacent pulmonary tissue. No other mass was found. The nodular tumor 
was found to be continuous with a neoplastic mass, 2.5 by 1 by 1 cm., in the pul- 
monary substance. The right lung was .not involved. The liver, kidneys and 
suprarenal glands showed extensive mctastases. 

Microscopically, the tumor in the left bronchus was a carcinoma infiltrating 
beneath and eroding through the bronchial mucosa. There was a circumscribed 
infiltration of the pulmonary substance in this region. The tumor was composed 
of oat-shaped epithelial cells, which in places maintained a more or less parallel 
arrangement. There were numerous mitoses and many large areas of necrosis. 
Secondary growths which were identical histologically with the parent tumor were 
found in the kidneys, suprarenal glands and brain. 

Case 2. — A white man, 78 years of age, noticed a nodule in the lower portion 
of the right side of his neck. Biopsy showed a spindle cell carcinoma. The 
primary tumor could not be found. He became comatose and died three days later. 

At necropsy, the left lung weighed 810 Gm. and contained a large, firm tumor 
in the superior half of the upper lobe. The bronchus showed an elevated, firm, 
white, nodular growth 2 or 3 cm. from the bifurcation of the trachea. From this 
point the growth spread out in a rather fan-shaped manner over an area 4 by 
6 cm. The lower lobe of the left lung was free from nodules. The right lung 
contained numerous small, hard nodules from 1 to 3 cm. ih diameter. The liver, 
both kidneys, the left suprarenal gland and the mesenteric, retroperitoneal and 
mediastinal lymph nodes contained metastases. In the bladder numerous diverticula 
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were present, the largest measuring about 3 cm. in diameter. In this large pouch 
was found a firm, slightly fungating mass 3 cm. in diameter, occupying almost the 
entire thickness of the wall. No calculi were present. 

Microscopic examination of the left lung showed a primary medullary carcinoma 
arising in the left bronchus. It had invaded widely, and groups of tumor cells 
were found in many blood and lymph vessels. The cells in places suggested origin 
either from glandular or from ciliated epithelium. Necrosis was present in the 
larger masses and mitoses were frequent. The hilar lymph nodes were heavily 
infiltrated with tumor. Metastases were present in the liver, suprarenal glands, 
prostate gland and vertebrae and in a diverticulum in the bladder. 

The object in presenting these cases is twofold: It is first to draw attention to 
the fact that, in the state of New York at least, the incidence of cancer of the 
lung is increasing and, second, to demonstrate two well recognized types of 
primary bronchial carcinoma, the type in which small oat-shaped cells predominate 
and the type in which columnar or spindle-shaped cells are characteristic and 
which arises definitely in a glandular or a ciliated columnar cell. An unusual 
feature in the latter case was the metastasis to the diverticulum in the bladder, 
an origin in the diverticulum being ruled out. The tendency of pulmonary cancer 
to metastasize to the brain is worthy of emphasis. 

Coronary Occlusion, Thrombosis in the Left Ventricle, Iliac Embolism 
AND Gangrene of the Lower Extremities. J. J. Clemmer. 

A white man, aged 57, while working as a night watchman, was seized with 
severe epigastric pain, followed by prostration. Five days later he complained 
of pain in his right leg and two days after that clinical signs of gangrene were 
observed in the right foot. The gangrene progressed to the leg and in a few da 3 's 
the left lower extremity became similarly involved. The gangrene of both feet 
and legs progressed and death occurred, hastened by terminal pneumonia, six weeks 
after the onset of the symptoms. 

Necropsy revealed an enlarged heart, marked coronary sclerosis and recent 
occlusion of the descending branch of the left coronary artery. The myocardium 
in this region was partially replaced by young, vascular, fibroblastic tissue. Por- 
tions of the remaining myocardium showed retrograde changes. Mural or valvular 
thrombi were not present. 

The aorta was sclerotic. A laminated fibrinous mass protruded from the right 
iliac artery and impinged on the opening of the left. Both legs and feet were 
gangrenous, the right more so than the left. Several relatively recent infarcts 
were found in the spleen. A single hemorrhagic infarct was present in the right 
kidney. There was terminal acute bronchopneumonia. 

It is believed that the acute onset was due to the coronary occlusion. Soon a 
mural thrombus formed in the left ventricle. As the myocardium partially 
recovered it forced the thrombus into the sj'stemic circulation. Small infarcts of 
the spleen and kidney resulted, but the main mass lodged in the right iliac arter}'. 
This protruding embolic mass grew by accretion until it produced obstruction of 
the left iliac artery. Gangrene of the lower extremities developed as a result of the 
impaired circulation. 

Osteitis Fibrosa Associated with Parathyroid Adenoma. Ellis Kellert. 

A man, 37 j-ears of age, had sj'mptoms of urinary disturbance for ten years. 
He frequentlj" passed minute calculi and many pus cells in the urine. More 
recentlj- there were loss of weight and signs of renal insufficiencjL Roentgen- 
ograms of the kidneys did not reveal calculi or enlargement of the organs. Owing 
to pain in the bones, these were roentgenograph ed and a generalized osteitis fibrosa 
was observed. The neck appeared normal on inspection and palpation. Secondary 
anemia was present, and there was definite retention of nonprotein nitrogen. The 
calcium in 100 cc. of blood amounted to 15 mg. After a period of epigastric 
distress and vomiting, death took place in coma. 
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Necropsy was limiteil to examination of the ncclc ami kidneys. 'I'liere was no 
tumor of tlie stomach, intc.stinc or suprarenal sl‘^nds. Tlie rii;ht kidney was one- 
third larger than the left. Mach kidney contained ah\mdant renal sidisiniice. which 
was markedly conge.stcd and studded throughout with numerous small and large 
calcific particles. In the cortices were many small cy.sts filled with yellowish Iluid. 
The pelves contained small calculi, and their mucous surfaces were covered with 
puriform material. Microscopic examination showed many sclerosed glomeruli, 
foci of lymphocytic infiltration, castlike Ix'dies in the tuhules, marked fihrosis and 
calcification of the pyr.amids. Dejmsits of calcinm were observed in the interstitial 
tissue and within the remains of tuhules. 

The thyroid gland ap]K'ared normal. Situated on the posterior surface of the 
lower pole of the right hihe was a yellowish, globular, firm, encapsulated nodule 
measuring 3.5 by 2.5 by 2.5 cm. The cai>snle was thick, fibrous, .-ind jiartly calcified 



Photograph of thyroid gland showing large jiarathyroid adenoma on posterior 
surface. Note enlarged parathyroid body just above the adenoma. 

and had no direct connection with the thyroid substance. When the nodule was 
sectioned, the cut surface appeared pale brown, soft and friable, and there was a 
recent hemorrhage in the center. The parenchyma tended to split on handling. 
Two other parathyroid glands were identified, and these were distinctly enlarged. 
Microscopic examination of the tumor .showed abundant but normal-appearing 
parathyroid gland tissue. 'J he cells were .sharply defined. Many of the nuclei 
were pyknotic. No mitoses were observed. 


Cakcixosakcoma or Tin: Biif-ast. J. SciinnirsTKix. 

Tumors of the breast containing carcinoma as well as sarcoma arc rare. The 
specimen now described appears to contain both carcinoma and sarcoma. 

An unmarried woman, past middle age, complained of a lump of one year’s 
duration in the lower part of the right breast which a month previously began to 
grow rapidly and became painful. Six months pfcviously she thought that it was 
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becoming smaller and hoped that it would entirely disappear. The breast was 
removed under local anesthesia. 

The specimen consisted of approximately the whole right breast, measured about 
8 by by 6 cm. and was covered with skin. A diffuse tumor with localized 
nodulations was felt. On section, most of the breast appeared to be invaded by 
new growth. Areas of hemorrhage and necrosis could be seen, as well as one 
large cavity about the size of a plum, filled with debris and necrotic material. 

Sections from one part of the breast showed typical alveolar carcinoma with 
scanty stroma. However, those taken from the advancing edge of the tumor pre- 
sented an entirely different picture: A diffuse sarcomatous growth consisting of 
large spindle cells with hyperchromatic nuclei containing numerous mitotic figures, 
as well as giant cells with bizarre mitoses and extremely large nuclei. Well 
formed carcinomatous alveoli seemed to be embedded in the sarcomatous stroma. 
In some areas, particularly where the sarcoma grew, hemorrhage and necrosis 
were seen. Sections stained with Mallory’s phosphotungstic acid hematoxylin 
showed what appeared to be fibrils. It is unfortunate that the lymph nodes of 
the axillary region were not submitted for examination. 

Fibro-Adenoma of the Breast Contaixixg Carcinoma and Cartilage. 

J. ScHLEIFSTEIN. 

Cheatle, in his vast experience with tumors of the breast, has seen only two 
neoplasms of this organ containing cartilage. The occurrence of this type of 
tumor in man appears to be unusual, although it is frequent in the dog. A case 
that I observed presents features of interest to both the clinician and the pathologist. 

A married woman, aged 57, complained of a lump of three months’ duration 
in the left breast. There was no pain or tenderness. The nipple was not retracted 
or deformed. A tumor about the size of a peach, firm and circumscribed, was felt. 
No glands were palpable in the axilla. At operation what appeared to be an 
encapsulated fibro-adenoma was easily enucleated. 

A portion of the tumor, about 4 by 3 by 3 cm., was received. The tissue was 
found to be rather firm, grayish white and fibrous with occasional chalklike specks 
embedded in it. Toward the center there was a minute, grayish-white, glistening 
nodule. 

The microscopic examination showed an anaplastic, malignant growth, having 
the characteristics of an epithelial tumor, invading and infiltrating the fibro- 
adenoma. Hyperchromatic nuclei, numerous mitotic figures and some giant cells 
were found. Toward the center of the section a small nodule of cartilage was 
observed. Whether the carcinoma originated elsewhere in the breast and invaded 
the fibro-adenoma or was primary in the fibro-adenoma is difficult to determine 
since the whole breast was not available for study. 

Persistent Enteric Mucosa at the Umbilicus. Arthur W. Wright. 

A 13 year old white boy complained for one year of a small, moist, slightly 
painful, vascular tumor of the umbilicus. A physician removed the growth, which 
consisted of a globular mass of firm, skin-covered connective tissue, on the surface 
of which was the umbilical depression. In this depression there was a circular, 
congested, moist, yellowish-pink, slightly raised lesion which did not appear to be 
a tumor or an ulcer but which was distinctly abnormal. Microscopically, the 
mass proved to be evaginated intestinal mucous membrane which was congested 
and slightlj' inflamed. There was no evidence of malignant growth or ulceration. 
The lesion, clearly congenital, undoubted!}’' resulted from abnormal isolation of an 
island of enteric mucosa from the primitive vitelline duct which, during early 
embryonic life, extends out into the umbilical cord. 
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Histologic Diagnosis of Pregnancy from Placental Fragments. C. S. 
Ryerson and S. Sanes. 

This article will appear in the Archives. 


Congenital Heart Disease: Interventricular Sei’tal Defect, Dextroposi- 
tion OF Aorta, and Dilatation of Pulmonary Artery. Raymond S. 

Rosedale. 

The anomaly consisted of an unusual combination of de.xtroversio cordis, hyper- 
trophy of the pulmonary artery, defect of the interventricular subaortic septum 
and de.xtroposition of a relatively small aorta. This was found in a 10 year old 
boy who since birth had been persistently troubled with dyspnea and cyanosis after 
exercise or emotional disturbance. 

The foramen ovale was obliquely patent and measured 0.5 by 1 cm. The inter- 
ventricular septal defect measured *2.5 by 3 cm. The diameters of the pulmonary 
artery and ascending aorta were as three to one. The large size of the closed 
ductus arteriosus suggested that it had been patent for some time after birth. There 
was hypertrophy of the musculature of both the left and right ventricles. The 
great branches of the aortic arch were anomalous, falling somewhat into the fifth 
class of anomalous great arteries as outlined by Piersol. 

It was thought that the blood in the left ventricle had been partially shunted 
to the right ventricle. This was considered to have been due somewhat to a 
large muscle bundle that partially obstructed the aortic outlet. The fibrous portion 
of the aortic pulmonary septum was found to end blindly in this muscle bundle. 

The normal equal division of the truncus and bulbus arteriosus had not taken 
place, for the remainder of the aorta which is not concerned with the septum trunci 
was of the same caliber as the ascending portion. The increase in size of the 
pulmonarj’^ artery and bulb was interpreted as hypertrophy and dilatation, postnatal 
in development. 

It is suggested that the subaortic interventricular septal defect was probably 
due to the small size of the septum trunci and its failure to fuse with the posterior 
endocardial cushion. 

The immediate cause of death was assumed to have been a general dilatation 
with coronary thrombosis; intimal thickening with plaques of adherent thrombi 
was noted in all the sections of the coronary and its branches. 

A review of the literature revealed only four similar cases. The first was 
reported by Eisenmenger in 1897. The others were reported by M. E. Abbott 
and co-authors, who have referred to the combination of interventricular septal 
defect with dextroposition of the aorta and dilatation of the pulmonar 3 ' artery as 
the “Eisenmenger complex.” 

Acute Pneumococcic Endocarditis in Early Infancy. S. Sanes and F. E. 

Kenny. 

Of reported cases of acute bacterial endocarditis in infancy, only six can be 
accepted as adequately verified anatomically and bacteriologically (Blum, Dean, 
Dible, Terplan and associates, d'Evart, Brandes). In twenty-six other cases bac- 
teriologic proof was not established; anatomic changes and occasionally embolic 
phenomena were noted, however. 

Case. A white boy, aged 13 days, was admitted to the Children’s Hospital 
because of cough, cyanosis and anorexia of three days’ duration. The temperature 
was 103 F. ; the pulse rate, 80. The nose was filled with purulent exudate; the 
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throat was red; there were diminislied breath sounds and rales in botli lun<>-s. 
The heart was not enlarged ; no thrill or murmur was elicited ; the rate was regular 
and the sounds were of good tone. The white blood cell count was 18,700rwith 
60 per cent polymorphonuclears and 40 per cent lymphocytes. On the ninth day a 
subcutaneous abscess appeared in the lumbar region ; pneumococci were obtained in 
smears and cultures. Death occurred on the twentv-eighth day of life, 

Autops}’’, three hours after death, showed : confluent lobular pneumonia of the 
right upper and lower lobes, Avith small abscesses ; a large abscess in the left psoas 
muscle e.xtending into the subcutaneous tissue at the level of the third and fourth 
lumbar vertebrae ; vegetative endocarditis of the ventricular surface of the tricuspid 
valve and of the posterior wall of the right ventricle beneath the attachment of tlie 
vah'e and of the conus pulmonaris; slight dilatation of the right ventricle, and 
congestion of the liver, spleen and kidneys. Smears and cultures from the vegeta- 
tions and the lung revealed pneumococci. 

Histologically, tlie right ventricle showed parietal endocarditis with fibrinous 
deposits containing many degenerated leukocytes and pneumococci. The tricuspid 
vah-e showed small A'egetafions directly beneath its attachment. Avith marked 
necrosis at its base and leukocytic infiltration. Pneumococci AA-ere found scattered 
throughout the vegetations as Avell as at the base of the A-alve. There Avere also 
pneumonic changes AA’ith fibrinous and leukocytic exudate and congestion of 
capillaries. 

Priji.aha’ Tuberculous Focus avith Extexsia’e Caseous Pleuritis With- 
out Complex Chaxges ix the Regiox.al La'mph Nodes. K. Terplax. 

This case is presented because the anatomic findings shoAved an entirelj’’ unusual 
type of spread from a cheesy Ghon focus. 

A AA’hite American Avoman, 23 years of age, AA-as deliA-ered spontaneously of a 
bab}’' at full term, June S, 1932. June 18, chills and fever made their appearance. 
These continued to occur for three da 3 'S ; then the patient Avas forced back to bed 
Avith headache, nausea and emesis. She AA'as admitted to the hospital, June 27. The 
uterus Avas in position ; there Avere no palpable evidences of extra-uterine infection. 
July 8, rigiditj' of the neck Avas evident. The patient died four days later. 

The familj- historj' and past historj' could not be satisfactorily obtained. 

A complete postmortem examination AA-as made forty-eight hours after death. 
The body AA-as emaciated, the skeletal sj-stem slender, the subcutaneous fat almost 
entirely absent. 

The left lung AA-as completely adherent to the parietal pleura, especially that 
on the diaphragm, mediastinum and pericardium. The right lung Avas free, Avith 
compensatory emphysema. The organs of the neck, thorax and abdomen Avere 
removed in toto ; the thoracic duct A\-as carefully dissected. In the remoA-al of the 
left parietal pleura, a feiv small cheesA- structures Avere revealed in the intercostal 
soft tissue aboA-e the anterior and lateral surfaces of the left lo\A-er lobe. In the 
left pleural cavity the mediastinal and diaphragmatic pleura Avas ioA-otyed by 
marked cheesy infiltrations ; the shape of the left loAver lobe Avas changed, its base 
being distinctly contracted, measuring only 12 cm. in frontal diameter and 4.5 cm. 
in sagittal diameter. This Avas due to iin-ersion of the basal margin, especially 
on the posterior side; the entire parietal pleura Avas thickened and pinkish gray 
and contained many tubercles; some of tliese invaded the diaphragm. 

About 1 cm. above the base of the lung near the interlobar surface Avas a pea- 
sized caseous focus, from O.S to 0.6 cm. in diameter, immediately beneath the 
pleura. The pleura above this focus AA-as firm, also iin-erted. and shoAved on 
cross-section caseous fibrosis. Caseous changes AA-ere also present on the e.xternal 
surface of the pericardium in connection Avith the caseous tuberculosis of the 
mediastinum on the left side. In the left upper and loAver lobes Avere many pinhead- 
sized tubercles ; those in the apex AA-ere somcAA-hat larger and somcAA-hat closer to 
each other. 

There Avere no gross tuberculous lesions in the bronchomediastinal tymph nodes 
on the left side. 
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The lobes of the right lung showed numerous pinhead-sized tubercles. The 
lymph nodes on the right side were small and anthracotic. Only the lymph nodes 
in the left venous angle were grayish white, suggesting tuberculosis. All the lobes 
were dissected in very thin sheets. X-ray pictures were taken from the undissected 
lung as well as from the sheets of both lungs. 

Older tuberculous lesions were not present in the intestine or in the mesenteric 
lymph nodes. Careful dissection of all organs, especially all lymph nodes, did not 
reveal a primary extrapulmonary tuberculous infection. A few of the left broncho- 
mediastinal nodes showed, however, microscopic tuberculosis with epithelioid cell 
tubercles, but without caseation. These changes were apparently secondary to the 
marked caseous pleuritis on the left side. The primary focus showed complete 
caseation in process of partial fibrous organization. Typical miliary tubercles were 
present in the leptomeninges, liver and spleen, and tuberculous infiltrates in 
the kidneys. The uterus was completely involuted and showed only small placental 
remnants without tuberculosis. 

Anatomic dissection with thorough roentgen examination indicated that the 
caseous tuberculosis of the left pleural cavity had spread from a late primary 
caseous subpleural fiiirous focus. The lymph nodes regional to the left lower lobe 
did not show caseous changes; in other words, no primary' complex w'as formed. 
The tuberculous changes in the lymph nodes were microscopic and could be 
explained easily by the marked caseous pleuritis on the left side. 

The entire picture can hardly be explained in any way other than by assuming 
an overwhelming primary infection, possibly acquired during pregnancy. Why the 
pleural cavity at once was infected to such a large extent as to produce diffuse 
caseous pleuritis, and why a lymphogenous spread to the lymph nodes regional to 
the focus did not occur, is difiicult to slate. It is known that the pleura above 
primary foci may be involved locally; very often even adhesions form. But such 
a pleural involvement remains restricted to the surface of the focus, while the 
lymph nodes draining the focus become involved very soon. 

As the postmortem examination was complete and all organs were investigated 
for primary tuberculous lesions with negative results, it seems justified to consider 
the focus in the left lower lobe as the primary one in this case. Apparently, the 
overwhelming infection of tiie pleural cavity' prevented the so-called complex 
changes in the lymph nodes regional to the focus. 


Joint Meeting ivith the Buffalo Academy of Medicine, Nov. 29, 1933 
Margaret Warwick, President, in the Chair 

Anatomic Studies of Primary and Postfrimary Pulmonary Tuberculosis 
IN White Children and Adults. K. Terplan. 

Much of the present knowedge of primary' human tuberculosis is based on 
careful gross pathologic work (Parrot, Kuss, E. Albrecht, Ghon, H. Albrecht and 
Opie). In progressive pulmonary tuberculosis in adults, the anatomic picture tends 
to be complicated; often it seems difficult to trace the changes back to the first 
lesion. It is generally believed that the disease usually develops in connection with 
a so-called reinfection. There is some controversy as to the manner of this reinfec- 
tion; that is, as to whether it is a reinfection from outside the body while the 
first lesions are healing or are still active, or whether it is a so-called endogenous 
reinfection or exacerbation originating in the primary focal lesion or in the regional 
lymph nodes. This question ought to be studied individually in each case. The 
structural lesions in the lungs of adults who have died from progressive chronic 
pulmonary tuberculosis are often too extensive to serve properly as material for 
pathogenic studies. On the other hand, in examining cases in which death was 
not due to tuberculosis, many pathologists, satisfied with finding one typical calcified 
tuberculous complex, have assumed that this complex was the only lesion.The x-ray 
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picture has helped in detecting calcified foci, and one usually has taken for granted 
that round shadows of calcification represented tuberculous foci. 

As far as early changes, especially in so-called reinfection, are concerned, inci- 
dental findings may sometimes be of great value. Because the early lesions are 
usually less extensive it is easier to discover the paths along which they developed. 

The study of the pathogenesis of tuberculosis cannot be thorough enough. It 
not only has^ to include minute dissection and taking of roentgenograms, but also 
a complete histologic examination of all focal lesions found by roentgen examination 
and dissection. 

In the present study I have attempted merely to register and analyze all findings 
of a tuberculous nature without trying to correlate them with present theories 
derived from experiments on animals which are so readily used to explain in general 
terms of immunity the individually different lesions of human tuberculosis. 

From the data contributed in the past fifteen years a few more or less dogmatic 
statements have been made. For example: All children in cities acquire their 
first tuberculous lesion before they reach adult life. Tuberculosis in adults acts 
altogether differently from that in children; it usually starts in the apex; it is 
acquired from without ; the tributary lymph nodes are not involved. When miliary 
tuberculosis occurs in adults it is only because they have escaped childhood infec- 
tion. Small foci give scant resistance ; marked focal lesions give marked resistance. 

It is customary to group all tuberculous lesions into childhood and adult types. 
This predicates that tuberculosis is always first acquired in childhood, and that 
tuberculosis in adults usuallj’- does not show the striking lesions of first infection, 
with a primary focus and involvement of regional lymph nodes. I prefer the terms 
“primary tuberculosis’’ and “postprimary tuberculosis.” The latter is wide enough 
to cover the different ways of so-called reinfection. 

It is stated that adults react like reinfected animals in the allergic stage. Still 
one does not know why tl:ese reactions in man vary so markedly, sometimes remain- 
ing localized in fulfilment of the experimental postulates, and sometimes spreading 
not only along the bronchi, but also to lymph nodes, like a primary lesion, and 
through blood vessels. Medical examination does not prove that with a similar 
exposure children of the same family are apt to acquire progressive tuberculosis or 
so-called reinfection. Tuberculosis in man appears much more complicated in its 
origin and course than that produced b}’' well graded experiments on animals. 
Spontaneous tuberculosis in animals comes surely closer to being the counterpart 
of human tuberculosis. 

Modern advances especially in the treatment and prevention of tuberculosis 
have a distinct bearing on the apparently decreasing incidence of tuberculous lesions 
in childhood in the white race. Although the total number of children examined 
in this study is small (271 from 1 month to 6 years of age, and SO from 7 to 18 
3 'ears of age) the figures show that primarj’- tuberculosis does not always occur 
during childhood, but apparently occurs rather in the early j^ears of adult life. 
In general, the figures indicating the incidence of focal tuberculous lesions up to 
the eighteenth }"ear vary between 20 and 25 per cent. Thej' are apparently in 
line with the figures on positive reactions to tuberculin tests as published by 
pediatricians in Massachusetts, Minnesota, Wisconsin and Cattaraugus County, 
New York, and from different schools in Buffalo. The number of children giving 
positive reactions gives only the lowest number of the once infected children, as it 
is like!}' (proved by my experience in two instances) that with anatomic healing 
of small focal lesions, the reaction to tuberculin becomes negative again. With 
exception of Opie’s work in St. Louis and Philadelphia, no sj^stematic postmortem 
examinations have been made in this countr}-^ with -a view to studying the incidence 
of primary' focal lesions in children and j’oung adults. Apparently it has been 
taken for granted from the figures of Kuss, Ghon, Aschoff and Opie that primary 
foci are acquired by all children before they reach adult life. 

The total number of persons between the twentieth and fortieth years of life 
examined postmortem for this study is again small (total number 28) and cannot 
be used as a basis for statistical stud 3 '. However, the majority of them (from 



so CIETY TRA XSACTIOXS 


72z 

67 to 75 per cent) showed lesions of primary tuberculosis. After the fortieth 
year of life the person who re%-ealed no such lesion was exceptional. I encountered 
primary focal lesions with caseous and cascofibrous complexes in about eight persons 
between the fourth and the eighth decade of life. These lesions acted similarly to 
first lesions seen in childhood. The development of progressive tuberculosis is not, 
except possibly in infancy and early childhood, predominantly determined by the age 
of the patient. In the study of focal lesions histologic e;camination of older calcified 
and ossified foci affords no means of distinguishing absolutely betv.'cen primary 
and postprimarj' tuberculous infection. The older the lesions the more exactly do 
they resemble each other, each exhibiting remnants of so-called caseous pneumonia 
v.'hich can be demonstrated in a calcifiwl stage by stains for clastic tissue. The 
mesenchymal reaction surrounding localized lesions may or may not differ in 
primary and postprimarj' foci. Puhl’s criteria can be used only in the small 
number of cases in v/hich the postprimary lesions are progressing or are in the 
early stages of healing. Contrary to commonly accepted teaching, the findings 
v/hich I report indicate that postprimary infection may produce comple.x changes 
identical with those seen in primary tuberculosis. Progressive postprimary lesions 
often tend to be accompanied by changes in regional lymph nodes. These changes 
are in general microscopic. In older persons, however, they may be just as active 
and extensive as are those in many cases of primary infection, .Some instances of 
this active, extensive development may represent the so-called lymphendogenous 
reinfection. 

The presence of ossified healed lesions on one side and of older ossified complexes 
on the other may be explained by a development of multiple primarj' lesions 
simultaneously v/ith a one-sided spread, by a reinfection that occurred many years 
previously, or by a secondary bronchiogenic spread from the first lesion while it 
was still active. The last possibility appears to be substantiated in cases in which 
one finds, closely surrounding an old primary lesion, fibrous tubercles and recent 
caseous bronchiogenic spread. 

In proved cases of reinfection apparently exogenous in origin, the site of lesion 
is most often in the upper half of an upper lobe, from 2 to 4 fingerbreadths below 
the apex. The summit or apex is onl}' occasionally primarily involved, and the 
lower part of the upper lobe or the lower lobe, less frequently. With this dis- 
tribution of secondary lesions, the clinical designation “infraclavicular tuberculous 
infiltrate” becomes more satisfactory than "tuberculous apical infiltrate.” 

To summarize ; From the postmortem material examined in the last three years 
at the Euifalo General Hospital and the Children's Hospital it seems that the 
first tuberculous infection commonly takes place in the first three decades of life, 
especially from the age of puberty to that of from 20 to 30 years, and only occa- 
sionally later. Postprimary lesions may produce so-called complex changes in lymph 
nodes similar to those of primary infection. 

How far multiple foci prevent lymphatic spread is a question that cannot be 
appropriately or satisfactorily discussed from the point of view of these studies 
dealing, as the>' do, chiefly with older or healed lesions. Although the law of 
Parrot still stands well^ founded as a general working principle, it must not be 
considered an absolute, inflexible dogma. As I have shown, primary focal lesions 
may remain entirel}' re.stricted in the lung, without changes in the regional lymph 
nodes. The incidence of focal lesions without complex changes cannot be accurately 
expressed, because many such lesions are probably overlooked unless a thorough 
search is made for them. 

In a certain number of cases in adults and even in children marked progressive 
involvement of the lungs is not accompanied by acute miliary tuberculosis. A 
subacute hematogenous spread occurs. Tuberculous meningitis, however, mav 
constitute the denouement of the disease. 

The practicability of adhering to a rigid classification of tuberculosis based on 
experimental findings becomes, in the light of the multiform lesions and varied 
courses m individual human beings, an open question. 
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of Hieronymus Fabricius of Aquapendente 
03^3.-1619;, A facsimile edition, with introduction, translation and notes 
by Kenneth J. Franklin, D.M., Tutor and Lecturer in Physiology of Oriel 
College and University, Demonstrator of Pharmacology, Oxford Price S3 
Pp 104, with 7 figures and 8 plates. Springfield, 111.: Charles C. Thomas' 
Publisher, 1934. 

This book is published by the aid of a grant from the History of Science 
Society, which has received an appropriation from tlie Carnegie Corporation of 
New York to enable it “to publish, or assist in publishing, important contribu- 
tions to knowledge.” ^ In addition to the facsimile reproduction and translation of 
De Venarum Ostiolis,” published in 1603, the book contains a biographic note 
on Fabricius, a section on the early history of work on the venous valves, a short 
account of the anatomic theater at Padua and a bibliographic note, for which the 
dedicatee. Prof. J. F. Fulton, is chiefly responsible concerning the first edition. 
Besides reproductions of the original plates and the frontispiece showing Fabri- 
cius as portrayed in 1630, the illustrations include the following; the statue of 
Fabricius in Aquapendente; the earliest drawings of a venous valve (Alberti, 
1585), the theater of Fabricius, with the plan and elevation, and a reproduction 
of a general title page of his “Opera anatomica,” published in 1625. The book 
is printed with special care on Patten rag paper. The publisher is worthy of 
commendation for publishing at this time a book of historic interest in such 
attractive form. 

In his preface Dr. Franklin points out that "the discovery of the circulation 
by "William Harvey was in large measure due to his correct estimate of the 
function of the venous valves, and about these he had heard while studying under 
Hieronymous Fabricius at Padua from 1600 to 1602.” He then quotes the fol- 
lowing account by Robert Boyle of a conversation with Harvey : “And I remem- 
ber that when I asked our -famous Harvey, in the only Discourse I had with 
him (which was but a while before he dyed). What w'ere the things that induc’d 
him to think of a Circulation of the Blood? He answer’d me, that when he took 
notice that the Valves in the Veins of so many several Parts of the body, were 
so Plac’d that they gave free passage to the Blood Towards the Heart, but 
oppos’d the passage of the V enal Blood the Contrary way : He was invited to 
imagine, tlrat so Provident a Cause as Nature had not so Plac’d so many Valves 
without Design : and no Design seem’d more probable, than That, since the Blood 
could not well, because of the interposing Valves, be Sent by the Veins to the 
Limbs; it should be Sent through the Arteries, and Return through the Veins, 
whose Valves did not oppose its course that way.” Hence one has in readily 
accessible and appropriate form the original and the translation of a boo o 
fundamental importance in the history'' of the discovery of the circu a ion o 
the blood. 


Metabolic Diseases and Their Treatment. By Dr. Erich 

of Medicine of the Clinic of Medicine and Neurology at cLr- 

Wiirzburg, Germany. Translated by Margaret Galt !^ise \ .-...{e 

vision of Eugene F. DuBois, M.D., Medical Director, Russefl Sage 
of Pathology, and Professor of Medicine, Cornell University ' e , 

New York, and Henry B. Richardson, M.D., .A.ssocime Pro 
Cornell University Medical College, New York. Clo . > > 

Pp. 551, with 37 engravings. Philadelphia; Lea & Fe iger, • 

The German edition of Professor Grafe’s book was r modern 

soon recognized as a comprehensive and conservative presen a 
German view's on the diseases of metabolism. Grafe is par icu 
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discuss the scientific and practical aspects of this subject. Trained in the school 
of Rubner, he has made original and important contributions in the fields of 
respirator}' and intermediary metabolism. At the same time he has been advancing 
in clinical medicine and has attained one of the most important professorships 
in Germany. He is one of tlie few leaders in his country who have kept in touch 
with the American literature. His book covered the subject so well and filled such 
a large gap in the modern literature that Lea & Febiger arranged for a translation, 
with e.xtensive revisions by Grafe which brought the material up to 1933. 

The translation has evidently been made with considerable care and seems to 
preserve as closely as possible the original ideas of the author. The text still 
contains references to many German proprietary medicines with which physicians 
in this country are unfamiliar, but apparently the author has cut out about half 
of those which appeared in the original edition. One must remember that there 
is no Council on Pharmacy and Chemistry in Germany and that thousands of 
proprietary medicines are used throughout the Continent without adequate super- 
vision. The Continental tendency toward inaccuracies in references was evident 
in the original ; these inaccuracies have been partly corrected though not entirely 
eliminated in the translation. There are some typographical errors; for example, 
in table 22, page 193, 1.0 salyrgan appears as 1 mg. salyrgan. Both are wrong; 
the dose evidently should have been 1 cc. of a 10 per cent solution of salyrgan. 

On the whole, the book is well written, and makes easy reading for one who 
is interested in the diseases of metabolism. For the teacher and research worker 
it is a valuable source book. The chapters on obesity and malnutrition arc particu- 
larly good. There is an excellent discussion of the theories and treatment of gout 
by an observer who has had unusual opportunities for studying the disease at first 
hand. The subject of diabetes is well handled, and there arc brief but adequate 
chapters on the rarer diseases of metabolism and the vitamin deficiencies. There 
are no special sections devoted to basal metabolism or to diseases of the thyroid 
gland, but references to these are scattered throughout the volume. In general, 
the field of metabolism is covered in a critical and conservative manner. 
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Bag. PARATYPHOSUS B BELYST VED irNDERS0KELSER OVER PARATYFUS-B'STAM- 
ilER FRA VeST-NORGE OG OVER SYGDOMMENS OPTREDEN SaMMESTEDS. T. M. 
Vogelsang. Pp. 235, with 9 figures. Bergen: J. W. Edes Boktrykkeri A/S, 1933. 

This monograph is based on the studj' of strains of paratj'phoid B obtained from 
patients with paratyphoid fever in the western part of Norway. Paratyphoid 
bacillus B is different from the bacteria of food poisoning and causes a typhoid-like 
disease, parat 3 'phoid B fever. This disease is spread from person to person directly 
or indirectlj' and appears to be quite as specific as typhoid fever. Other sources of 
infection have not been demonstrated definitivelj'. 

Housing Conditions and Respiratory Disease: Morbidity in a Poor- 
Class Quarter and in a Rehousing Area in Glasgow. C. AI. Smith. Medical 
Research Council, Special Report Series, No. 192. Price, 9d. Pp. 36 . London: 
His Majesty's Stationery Office, 1934. 

Aids to Pathological Technique. David H. Haler, Af.B., B.S. (Hons.) 
Lond., Pathologist, Infants Hospital, Battersea General Hospital, etc. Price, §1.50. 
Pp. 187. Baltimore: William Wood & Company, 1933. 

This booklet does not deal with the e.xamination of tissues. The methods 
described are mainly bacteriologic, hematologic, cytologic and biochemical — “one 
example of each method found most valuable.” 

Die Spezifizitat der serologische.x Reaktionen. K. Landsteiner, the 
Rockefeller Institute for Medical Research, New York. Price, 8.80 marks. Pp. 123, 
with 22 tables and 1 illustration. Berlin: Julius Springer, 1933. 

Dissecting Aneurysms. T. Shennan. Medical Research Council, Special 
Report Series, No. 193. Price, 2s. 6d. Pp. 138, with 13 figures. London: His 
Majesty’s Stationery Office, 1934. 
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OF THE AORTIC \'ALYE 

REPORT OF THREE CASES 
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XEW YORK 


Authentic cases of combined syphilitic and rheumatic disease of the 
aortic valve are extremely rare. In a thorough investigation of the 
last six thousand, five hundred postmortem examiitations performed at 
the Mount Sinai Hospital duriitg the past twenty years only two accept- 
able cases could be found. A search of the literature failed to disclose 
an}- similar observations except possibly Stolkind's ^ case of syphilitic 
aortic insufficiency with mitral stenosis; in that case the absence of 
a microscopic description does not permit us to exclude the possibilitx 
of coexistent rheumatic disease in the aortic valve. 

Combinations of rheumatic disease of the heart with syphilis of 
the aorta found at necropsy are, however, less rare. Cabot == ( 1926 ) 
btated that rheumatic valve lesions rarely accompany syphilitic aortitis. ” 
Reference to the table indicates the A'arious combinations of these dis- 
eases reported in the literature together with seven cases investigated 
b} us. The syphilitic process was entirely supravalvular in four of 
the cases, while commissural syphilis was present in the remainder : the 
three latter cases are reported in detail. 

Buda) ® and Reid ^ referi'ed statistically to the association of rheu- 
matic with syphilitic disease of the heart. The former enumerated ten 
cases of combined “syphilitic endocarditis” and “endocarditis chronica 
fibrosa among approximately eight hundred specimens of endocardia] 


From the laboratories of the Mount Sinai Hospital. 

This study was aided by a grant from the Lucius N. Littauer Foundation and 

> a grant made to the Emanuel Libman Fellowship Fund in meinorv of Theresa 
Backer, 

1. Stolkind. E. J.; Brit. J. Child. Dis. 17:126. 1920. 

Cabot, R. C. ; Facts on the Heart, Philadelphia, W. B. Saunders Companv 
1926, p. 336. 

3. Buday. L.; Frankfurt. Ztschr. f. Path. 38:450. 1929. 

4. Reid, W. D.: Am. Heart J. 6:91. 1930. 
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disease. The latter stated that of seventy-eight cases of cardiovascular 
syphilis, two were definitely associated with rheumatic disease of the 
heart. In the absence of protocols it is impossible to evaluate these 
cases, particularly Avith reference to combined rheumatic and syphilitic 
disease of the aortic A^alve. 

The following cases illustrative of combined rheumatic and syphilitic 
disease of the aortic A'ah^e are reported. 

REPORT OF CASES 

Case 1. — A Puerto Rican driver, aged 27, was admitted to the medical service 
of Dr. Leo Kessel on Feb. 3, 1932. He was discharged from the hospital on 
Feb. 11, 1932, and returned to the admitting office on the following day, Avhen he 
died of pulmonary edema. 

History. — The patient had varicella in childhood and admitted having had two 
attacks of gonorrhea at the age of 17. He had married seven years before admis- 


Cascs of Syphilitic Aortitis Combined zvith Various Types of Rheumatic Disease 

of the Heart 


Author 

Aorta 

Aortic ValA’c 

Mitral A’alve 

Cabot’s case of syphilitic aortitis Avith 
rheumatic myocarditis (New Engiand 
J. Med. 201 : 177, 1929) 

Syphilitic 

Normal 

Norma] 

Dumas and Brunat (Lyon mcd. 13S> : 
577 , 1927) 

Syphilitic 

Normal 

Rheumatic 

Gallavardin and Gravier (Lyon mod. 
14.'5 : 541, 1930, cases 3 and 0) 

Syphilitic 

Rheumatic 

Normal 

Galiavardin and Grai’icr (Lyon med. 
14.J ! 341, 1930, cases 4 and 5) and 
four eases in necropsy material of 
the Mount Sinai Hospital 

Syphilitic 

Rheumatic 

Rheumatic 


Syphilitic 

Syphilitic 

Syphilitic 
Syphilitic and 
rheumatic 

Rheumatic 

Cases 1, 2 and 8 of this report 

Rheumatic 


sion, and his wife had died about six 3 'ears later from a postpartum hemorrhage. 
Tliere were four healthj^ children. The family history was irrelevant. Eight years 
before, shortly after his arrival from Puerto Rico, the patient Avas in another 
hospital in New York with an attack of acute polyarthritis. Since then there had 
been pain and stiffness in the joints in rainy weather. There was no known cardiac 
involvement. He felt perfectly Avell until one month before hospitalization, when 
he noticed dA’spnea and palpitation on climbing stairs. Three weeks later a non- 
productiA'e cough appeared. For the past three days there had been sharp, non- 
radiating epigastric pain. 

Physical E.vamination. — The patient appeared well developed, undernourished 
and chronicallj' ill. His temperature Avas 99.4 F. ; the pulse and respiratory rates 
AA’ere 96 and 20 per minute, respectiveljc The pupils Avere normal. The trachea 
AA'as in the midline and freely mOA'able. The great A'essels of the neck pulsated 
forcibh’, and a murmur could be heard OA'er them. The cervical, bilateral axillarA’, 
inguinal and epitrochlear nodes AA’ere palpable, those in the right axilla being the 
size of AA’alnuts. The lungs Avere normal. The heart Avas enlarged to the left 
and doAvnAvard, its point of maximum impulse being located in the sixth left inter- 
costal space 1 inch (2.54 cm.) to the left of the nipple line. A diastolic thrill AA'as 
felt over the entire precordium. At the apex a bloAA'ing sj’stolic murmur trans- 
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mittcd to the axilla was heard; a diastolic murmur of maximum intensity was 
present in the second left intercostal space at the base. The second aortic sound was 
louder than the second pulmonic. The rhythm was regular. The radial pulses were 
equal, regular and markedly Corrigan in tj'pe. Pistol-shot sounds were heard over 
the femoral arteries, and capillary pulsation was noted. The abdomen was diffusely 
tender, especially in the epigastrium. The neurologic status was negative. 

Laboratory Data. — The Wassermann and Kahn reactions of the blood were 
positive (4 plus). The hemoglobin was 80 per cent (17 mg. per hundred cubic 
centimeters of blood equals 100 per cent). There were 10,200 leukocytes per cubic 
millimeter of blood, of which 70 per cent were polymorphonuclear cells, 26 per cent 
lymphocytes and 4 per cent mj'elocytes. The sedimentation rate for erythrocytes 
was normal. The blood pressure was 154 systolic and 20 diastolic as determined 
on the right arm, and 130 S 3 ’stolic and 20 diastolic as determined on the left. The 
specific gravity of the urine was 1.032; an occasional trace of albumin and a few 
constant leukocytes were found. Roentgen examination of the chest showed a 
hypertrophy with marked dilatation of the left ventricle. An enlargement of the 
heart to the right was also noted. Xo abnormality was observed in the lungs. 

Course. — The temperature rose to 101 F. soon after admission to the hospital 
but rapidly dropped to and remained normal as the abdominal pain disappeared. 
The patient was discharged as asymptomatic on the eighth day, but on the follow- 
ing daj' he became desperatel}' ill and was brought to the hospital where he 
immediately died. 

Clinical Diagnosis. — The diagnosis was chronic rheumatic cardiovalvular dis- 
ease, aortic insufficiency, mitral insufficiency (and stenosis), recurrent rheumatic 
fever and syphilis. 

Postmortem E.vaminatioii. — This included an examination of the brain. The 
heart (fig. 1) weighed 625 Gm. The pericardium was smooth and glistening, 
except over the apex anteriorly where there was a fibrous filiform adhesion. It 
was enlarged markedly to the left, the ape.x being formed entirely by the left 
ventricle. The right auricle was normal. The right ventricle was dilated and 
hj'pertrophied. The tricuspid valve was normal. The pulmonary cusps were thin 
except for the anterior one which showed a slight localized thickening of the free 
edge. Toward the base of this cusp on its ventricular side were two lesions, a 
pink, round, slightly elevated fiat-topped one about 3 mm. in diameter and another 
smaller, more grayish one just above. About 1 cm. above the anterior cusp in 
the pulmonary artery there was a flat, pink, round, finely corrugated and slightly 
raised lesion approximately"- 4 mm. in diameter. The left auricle was slightly 
dilated. Rising from the posterior leaflet of the mitral valve was a slightly raised, 
pinkish-gray corrugated roughening of the posterior wall of the left auricle. The 
anterior leaflet of the mitral valve was considerably thickened and vascularized. 
The chordae tendineae at this portion of the valve were white and thickened. The 
valvular insertions were broadened. There were no verrucae on the valve. The 
posterior leaflet was also thickened, and branching vessels could be seen on its 
auricular surface. The left ventricle was enormously dilated, and the chamber was 
globular, affecting both the inflow and the outflow tracts. The myocardium of the 
left ventricle was hypertrophied and grayish red. The posterior papillary muscle 
was markedly hypertrophied except for its apex, which was atrophied and gray. 
The right half of the anterior papillary muscle was almost entirely atrophied. The 
musculi pectinati were rather prominent. The ventricular endocardium was gray 
throughout. The cusps of the aortic valve were irregularly thickened, white, 
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retracted and rolled inward. The edges of the leaflets and the corpora Arantii 
were completely inverted. There were a number of irregular thickened endocardial 
streaks representing early pockets of regurgitation in the subaortic region and 
upper outflow tract. They were also seen on the ventricular aspect of the anterior 
leaflet of the mitral valve. There was a slight separation of all the commissures, 
especially the left posterior commissure. Rising above each commissure in the 
aorta was a bluish-white circular lesion with scalloped edges, the surface of which 
was raised and irregularly corrugated. The lesions measured from 1.5 to 2 cm. 
in diameter. Above and adjacent to them were several small and similar lesions 
about 2 or 3 mm. in diameter and a larger elevation at the beginning of the 
transverse arch of the aorta. There was an accessory coronary ostium just ante- 
rior to that of the right coronary artery. This corresponded to the first anterior 
descending branch of the right coronary artery which otherwise ran a normal 



Fig. 1 (case 1). — View of the left ventricular cavity. Supravalvular syphilitic 
mesaortitis with involvement and separation of the commissures and rolling and 
thickening of the cusps. Chronic fibrous rheumatic aortic and mitral valvulitis. 

course. The left coronary orifice was normal. The orifices were not raised. 
There was slight atherosclerosis of the coronary arteries without narrowing of 
the lumen. The thoracic descending aorta showed no changes. 

For histologic stud}' in this case and case 2, blocks of cardiovalvular tissue were 
cut according to the standardized method described by Gross, Antopol and Sacks,''’ 
and additional blocks of tissue were cut wherever indicated. In the three cases 
at least two slides were stained from each block, one with hematoxylin and cosin, 
the other with Weigert’s elastic and van Gieson’s connective tissue stains. 

microscopic Examination . — Aorta and Left Aortic Valve: The architecture 
of the aorta (fig. 2 A) was entirely destroyed. No clear differentiation of the 


5. Gross, L. : Antopol, W., and Sacks, B.: Arch. Path. 10:840, 1930. 
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normal coats was possible. In certain areas the media was recognizable only 
by a few wiry twists of elastica embedded in dense richly vascularized fibrous 
tissue. The intima showed a t 3 'pical fibro-elastic hyperplasia with little accumu- 
lation of fat, sometimes reaching a thickness in excess of that of the media. Blood 
vessels extended through the media into the outer zone of the intima. The adven- 
titia was thickened and fibrous ; the vasa vasorum were narrowed by an elastic 
hj^perplastic intimal process. The vessels and a few of the nerve bundles were 
surrounded by dense aggregations of plasma cells, lymphocytes, endothelial cells 
and fibroblasts. The mesaortitis ceased abruptly at the upper margin of the sinus 
of Valsalva. 

The adventitia of the attached pulmonar 3 ’- artery was similarly involved by 
obvious extension from the adventitia of the aorta. 

The ring® of the aortic valve was densely fibrous, well vascularized and sparsely 
infiltrated with l 3 miphocytes. The valve leaflet was thickened, and its free edge 
was knoblike. The thickening of the valve (fig. 2B) was due to a broad musculo- 
fibro-elastic thickening on the ventricular side of the ventricularis la 3 'er ® of elastica. 
The latter was also thickened and contained many bundles of smooth muscle, blood 
vessels with well developed muscularis and a scattering of lymphocytes. The knob- 
like free edge was composed of concentric whorls of dense fibrous tissue and thick 
elastic strands ; blood vessels penetrated into the center of the knob. 

The Levaditi stain revealed no spirochetes in the section. 

Commissure Between the Left and Right Aortic Leaflets (fig. 2 C) : The 
same type of lesion described in the aorta was seen. The process, however, instead 
of ceasing abruptly, extended unchanged in character or degree into and behind 
the annulus fibrosus considerably below the level of the insertion of the valve. 
Here there was much irregular elastic tissue showing increase and destruction, 
dense foci of plasma cells and arterioles with marked intimal h 3 'perplastic thick- 
ening. 

A typical perivascular Aschoff body was seen in the interventricular m 3 mcardial 
crest adjoining the annulus. 

Mitral Valve (Posterior Leaflet) : The ring" of the mitral valve was fibrosed 
and vascularized. There was a focal infiltration of polymorphonuclear cells and 
lymphoc 3 des. The valve was markedl 3 ' thickened by a h 3 'perplastic process com- 
posed of a widened auricularis layer of elastic fibers, and on the auricular side 
of this layer was a wide band of collagen fibers, fibroblasts and bundles of smooth 
muscle. In the auricularis layer were many blood vessels with Avell developed 
muscular coats. A few perivascular Aschoff bodies were seen in the adjoining 
left ventricular myocardial septums. 

Pulmonar 3 ' Arter 3 ^ (Section Through the Lesion Noted in the Gross Descrip- 
tion) : In a localized area the media was distinctly thickened. The medial elastic 
fibers were discontinuous and showed rather abundant connective tissue between 
them. Blood vessels, some of which were thickened, coursed through the media 

6. In the semilunar valves the “ring” represents the proximal end of the 
valve leaflet constituted by the triangular ring .spongiosa and adjacent portion of 
the fibrous annulus. The terminology of valve structures is that employed by 
Gross, L., and Kugel, AI. A. (Am. J. Path. 7:445, 1931). 

7. In the auriculoventricular valves the “ring” represents the proximal portion 
of the valve limited above by the apex of the auricular myocardial wedge and con- 
sisting of ring spongiosa and the adjacent portion of the annulus fibrosus (Gross 
and Kugel®). 
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to end in the intima, which was only slightly thickened. There were no cellular 
infiltrations in the middle coat. Many of the adventitial vessels revealed moderate 
intimal hyperplasia. There were sparse aggregations of lymphoid cells in the 
ads-entitia without particular perivascular distribution. 

The peripulmonarj- epicardium was thickened, and there were small foci of 
mononuclear and plasma cells directly beneath the mesothelium. 

Pulmonar}' Valve (Section Through the Xodular Lesion on the Anterior Leaf- 
let) : The ring was fibrosed and vascularized, and the annulus fibrosus was 
infiltrated by a few mononuclear and polymorphonuclear cells. Toward the base 
of the pulmonary valve, external to the ventricularis layer of elastica, there was 
a large hyperplastic elevation characterized by proliferation of fibrous, muscular 
and elastic tissue and bj- numerous large arterioles with extremely thick muscular 
walls. There was some disintegrating hemoglobin pigment beneath the endothe- 
lium. Several macrophages filled with brown iron-containing pigment were also 
seen here. The remainder of the valve and pulmonary artery in this section was 
entirely normal. There was a chronic epicarditis around the root of the pulmonary 
arterj-, as evidenced by proliferating endothelial cells, collections of plasma cells 
and lymphocytes, numerous young and old capillaries (many with proliferation of 
the lining endothelium) and a thickening of the submesothelial fibrous tissue. 

Left Ventricle: Typical perivascular Aschoff lx)dies were found in the myo- 
cardial septums. There was a marked hypertrophy of the myocardial nuclei. 
Several arterioles showed intimal hyperplasia compromising the lumens to a slight 
e.xtent. The larger coronary arteries were normal. At various points the endo- 
cardium was thickened by a vascularized musculofibro-elastic hyperplasia. Else- 
where there were palisade infiltrations of polymorphonuclear leukocytes, mononu- 
clear cells and cells with gnarled and twisted nuclei. 

Left Auricle: The left auricle was normal. 

Summary . — The aorta showed syphilitic mesaortitis ; the aortic valve, old rheu- 
matic valvulitis and syphilitic involvement of the commissures ; the mitral valve, 
typical old rheumatic valvulitis ; the pulmonarj- artery, probably focal healed pul- 
monary mesarteritis ; the pulmonary valve, focal, nodular old rheumatic valvulitis ; 
the myocardium, typical Aschoff bodies in the left ventricle; the endocardium, 
rheumatic mural endocarditis of the left ventricle ; the epicardium, chronic low 
grade epicarditis around the great vessels and at the base of the heart, probably 
syphilitic, by contiguity with the adventitia of the aorta. 

Case 2. — An unmarried American colored woman, a domestic, aged 36, was 
admitted to the medical service of Dr. A. A. Epstein on Sept. 2, 1926, and died 
September 7. 

An attack of acute rheumatic fever occurred at the age of 9 j'ears, and influ- 
enza at 28. The patient stated that she had not had venereal disease. No 
significant information was obtained in regard to the family historjA The patient 
was known to have had cardiac disease since the age of 14 years. For the past 
twenty years she had had dyspnea on exertion, precordial pain, mild edema of the 
ankles and frequent sore throat. Three months before admission to the hospital all 
the cardiac symptoms had become aggravated and the patient was forced to go to 
bed. Drenching night sweats, chills and fever appeared. A slight cough and some 
orthopnea were noted recently with marked loss of weight and strength. Three 
days prior to hospitalization she began to have pain in the left hypochondrium, and 
the edema of the ankles subsided. Sanguineous sputum was expectorated. 



736 


ARCHIVES OF PATHOLOGY 


Physical Examination. — The patient was undernourished, acutely ill, dyspneic 
and perspiring; her temperature was 103 F. ; the pulse and respiratory rates were 
120 and 26 per minute, respectivel 3 ^ The pupils were normal. There were 
forcible arterial pulsations in the neck. Dulness was present at the base of the 
right lung ; there were a few fine crackles over this area ; bronchial breathing and 
moist rales were heard in scattered areas of the left lung; auscultation revealed a 
coarse frictional rub in the left axilla. Over the fifth and sixth left intercostal 
spaces outside the nipple line a presj^stolic thrill and a sharp apex beat were pal- 
pated. Systolic and diastolic murmurs were heard at the apex; a loud diastolic 
murmur was also present at the base, being transmitted downward close to the left 
border of the sternum ; at the aortic area there was, in addition, a rumbling systolic 
murmur. The rhythm was regular; the radial pulses were equal and Corrigan in 
type. The left side of the abdomen was exquisitelj-- tender and held rigidly. The 
edge of the spleen was, nevertheless, palpable. The liver could not be felt. There 
was no edema or clubbing of the fingers. The neurologic status was negative 
except for sluggish ankle and knee jerks. 

Laboratory Data. — The Wassermann reaction of the blood was negative. The 
hemoglobin was 40 per cent. There were 3,000,000 erythrocytes and 12,600 
leukocytes per cubic millimeter of blood. Of the latter, 84 per cent were poly- 
morphonuclear cells. A culture of the blood yielded abundant numbers of Strep- 
tococcus anhaemolyticus (viridans) in all the mediums. The blood pressure was 
125 systolic and 50 diastolic. The specific gravity of the urine was 1.018; there 
were a trace of albumin and many erj'throcytes and leukocytes. A bedside roent- 
gen examination of the chest disclosed no abnormality in the lungs. 

Course. — Two days after admission the patient became stuporous, and auricular 
fibrillation was observed. Death supervened three days later. 

Clinical Diagnosis. — A diagnosis of chronic rheumatic cardiovalvular disease, 
mitral stenosis and insufficiency and aortic insufficiency, subacute bacterial endo- 
carditis, infarction of the spleen and bronchopneumonia was made. 

Postmortem Examination. — This included examination of the brain. The heart 
weighed 530 Gm. and was normal in shape and position. The musculature was 
normal in consistenc}'. The pericardium was smooth and contained a normal 
amount of clear straw-colored fluid. The aorta was flexible and presented slight 
evidence of atherosclerosis. The visceral pericardium contained smooth, pearly- 
white pericardial thickenings, one situated at the anterior aspect of the riglit 
ventricle and almost 2 cm. in thickness. Several other smaller thickenings of tlic 
visceral pericardium were situated over the anterior aspect of the left ventricle 
near the apex and at the posterior aspect of the right ventricle. The endocardium of 
the right auricle was irregularh' graj’ish white. The foramen ovale was closed. 
The tricuspid valve measured 8.5 cm. in circumference. At the junction of the 
anterior and mesial cusps there was an irregular thickening. The flaps were 
adherent to the wall of the right ventricle at this point. The scarlike thickening 
was fibrotic and contained a small amount of lime; the fibrosis extended from the 
junction of the flaps down on the ventricle for almost 0.5 cm. There was a small 
subendocardial hemorrhage on the superficial aspect of the scar ; the lesion 
resembled an old healed endocarditis, the nature of which could not be grossly 
determined. The pulmonary valve was smooth, glistening and competent. The 
left auricle was somewhat dilated and its wall hypertrophied, measuring almost 
1 cm. in thickness in places. The endocardium of the left auricle was irregularly 
and diffusely thickened. The posterior wall showed wrinkling. The mitral valve 
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measured 8 cm. in circumference. It was the seat of a healing bacterial endo- 
carditis superimposed on an old chronic valvular disease. The flaps of the valve 
were thickened, fibrotic and scarred, presumably owing to an old healed rheumatic 
endocarditis ; superimposed on this lesion were irregular, firm, grayish-white 
bacterial vegetations. At the junction of the two flaps along its line of closure 
was a flat, firm elevated bacterial vegetation. Extending from the free margin 
of the flaps at this point and continuing down on the adjacent chordae tendineac, 
was an irregular, fungoid, friable, grayish-white bacterial vegetation which 
extended down to the papillary muscle. The vegetation appeared to be a recent 
process. Along the left lateral aspect of the posterior cusp was an organized 
bacterial vegetation which extended from the free margins of the flap downward 
and involved the chordae tendineae. There were also many small flat vegetations on 
the anterior aspect of the posterior flap which measured 1 or 2 mm. in diameter. 
These vegetations were fairly well organized. The left ventricle was hj'per- 
trophied; its wall measured 2 cm. in thickness. The myocardium was dark brown 
and firm, and on section revealed areas of fibrosis. The aortic valve measured 
6 cm. in circumference and was also the seat of a bacterial endocarditis. Situated 
between the right and posterior cusps and involving the commissure was a large, 
irregular, ulcerative endocarditic process 2 by 3 cm. in circumference. It involved 
the adjacent halves of the cusps and the commissure and extended downward, 
involving the mural endocardium of the posterior part of the outflow tract of the 
left ventricle for a distance of almost 1 cm. The vegetation had an ulcerative 
appearance; it was concave and contained irregular deposits of blood platelet 
thrombi. The process was situated just anterior to the undefended space, involving 
it only at its upper margin. The anterior cusp was thickened, and extending from 
the corpus Arantii there was an irregular, fanlike, friable vegetation measuring 
1 by 0.7 cm. The cusps themselves were thickened and fibrotic. The left posterior 
commissure showed slight separation. The ascending aorta contained puckered 
scar formations with longitudinal wrinkling which had a pearly grayish-white 
color, grossly presenting the appearance of syphilitic aortitis. There were also 
raised irregularly corrugated lesions in the supravalvular region descending well 
into the right posterior commissure. The orifice of the right coronary artery was 
slightly narrowed. The main branches of the coronary arteries revealed no gross 
abnormalities. 

Microscopic Examination. — Aorta ; There were marked obliterative endarterial 
alterations in the vasa vasorum of the adventitia with relativeh’' sparse infiltrations 
of mononuclear cells. Extensive destruction of the elastic tissue of the media was 
the predominant lesion. The media was largely replaced by the formation of dense 
scar tissue which was vascularized and infiltrated by mononuclear cells. Super- 
imposed on this was a marked fibro-elastic proliferation of the intima containing 
a few capillaries. 

Right Aortic Cusp : The tip of the cusp was disintegrated by a destructive 
endocarditis. There was a diffuse valvulitis and, in one place on the ventricular 
side, a marked proliferation of giant cells. The leaflet contained many channels 
which were probably vascular. The ring was the site of active inflammation with 
numerous thick-walled blood vessels (well developed media) and mononuclear 
cells. 

Left Aortic Cusp : No bacterial vegetations were present on this cusp. The 
leaflet was markedly thickened and shortened and had a bulbous tip formed by 
large whorls of dense avascular and relatively acellular fibro-elastic tissue produc- 
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ing inversion of the cusp (fig. 3). The ventricularis elastica was intact although 
somewhat h 3 'perplastic in its proximal half; the distal portion gave rise to the 
aforementioned whorls. The ring of the valve was polyvascularized and infiltrated 
with b'mphocjdes, histiocytes and large mononuclear cells. The attached section 
of the aorta revealed the characteristic inflammatorj^ and degenerative lesions 



Fig. 3 (case 2). — ^Aorta and left aortic cusp (midportion). The S 3 ’philitic 
mesaortitis ends above the sinus of Valsalva. The valve leaflet is markedly 
retracted, thickened and everted. Details of the inflammatory ring lesion are not 
visible at this magnification. Weigert’s elastic and van Gieson’s connective tissue 
stain ; reduced from X 3.4. 

described ; the perivascular cellular infiltrations about the vasa vasorum were, 
however, more prominent here. It may be added that, whereas the lesions in the 
medial elastic tissue halted abruptly in the region of the superior limit of the 
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sinus of Valsalva, the cellular infiltrations of the adventitia continued down to 
the region behind the annulus fibrosus at the root of the valve. 

Aortic Valve Commissures: Section through the left posterior commissure 
(grossly separated and uninvolved by bacterial endocarditis) revealed extension 
well into the commissural region of the same aortic lesion described in the aorta, 
with a subjacent well developed fibro-elastic, vascularized intimal hyperplasia, 
unassociated with evidence of bacterial endocarditis. 

Section through the right posterior commissure (grossly involved by the bacte- 
rial endocarditis) showed identical involvement by the aortitic lesion. However, 
associated with this could be seen thrombo-endocarditic bacterial vegetations on the 
endocardial surface with a few deeper extensions of foci of acute purulent inflam- 
mation into the region of the annulus. 

Section Including Posterior Aortic and Anterior Mitral Leaflets ; The posterior 
aortic cusp showed a bulbous fibro-elastic enlargement of the tip similar to that 
described for the left aortic cusp, with identical vascular and cellular ring lesions. 
In the subaortic angle (Gross and Kugel o) was seen a sparsely vascularized and 
elastic hyperplastic layer continuing down the ventricular aspect of the anterior 
leaflet of the mitral valve. The root of the aorta was involved by the afore- 
mentioned lesions of syphilitic mesaortitis. 

The anterior leaflet of the mitral valve was the seat of a bacterial endocarditis. 
The substance of the cusp and its ring was extensively vascularized and infiltrated 
with lymphocytes, histiocytes, large mononuclear cells and occasional polymorpho- 
nuclear and fibroblastic cells. The valvulitis involved all the layers of the leaflet, 
but implicated chiefly the auricular aspect external to the hyperplastic auricularis 
elastic layer. 

Tricuspid Valve; This was normal. 

Pulmonary Valve; The valve and artery were normal. 

Left Auricle ; A few areas of perivascular fibrosis were present in the auricular 
myocardium. The endocardium was rather poor in elastic fibers. The vascularized 
subendocardium occasionally dipped down between the auricular myocardic bundles 
to form wedge-shaped areas infiltrated with 13 'mphocytes and large mononuclear 
cells. 

Posterior Papillary Muscle: Marked interfascicular and perivascular scarring 
was present. 

Myocardium: There was an acute diffuse and focal myocarditis with inter- 
stitial infiltrations of lymphocytes, large mononuclear cells and occasional poly- 
morphonuclear leukocytes. A slight amount of perivascular fibrosis was noted. 
No Aschoff bodies were seen. 

Siiviimry . — The aorta showed syphilitic mesaortitis; the aortic valve, chronic 
rheumatic valvulitis, subacute bacterial endocarditis and a syphilitic commissural 
lesion ; the mitral valve, chronic rheumatic valvulitis and subacute bacterial endo- 
carditis ; the myocardium, interstitial myocarditis and perivascular fibrosis. 

Case 3. — This case has been made available to us through Dr. W. J. Weiss 
and Dr. W. Antopol of the Bayonne Hospital and Dispensary. The patient, an 
unmarried Negro, aged 40, entered the hospital moribund and died shortly there- 
after. Under the circumstances, only a sketchy history could be obtained. He had 
had an attack of polyarthritis fifteen years before his death. Three years later he 
had a purulent urethral discharge and a sore on the penis. At that time the 
inguinal glands suppurated and were drained. Two years before his death he was 
given a series of eighteen intragluteal injections, presumably for sj^philis. The 
patient was asymptomatic until five months before admission to the hospital, when 
he became short of breath. Since that time he had become progressively worse. 
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with palpitation, orthopnea, swelling of the feet and abdomen and pain in the 
upper part of the abdomen. There were no precordial pain, cough or expectora- 
tion. On ph^^sical examination, he was dyspneic and orthopneic. Rales were heard 
diffusely throughout both lungs. A diffuse pulsation was present over the left 
lower part of the chest anteriorly. The heart was enlarged to the left; the apex 
was situated in the sixth left intercostal space at the anterior axillary line; the 
right border of the heart was percussed one fingerbreadth to the right of the 
sternum; a systolic and a diastolic murmur were heard over the entire pre- 



Fig. 4 (case 3). — View of the left A-entricular cavity. Supravalvular S 3 'philitic 
mesaortitis with involvement and separation of the left posterior commissure 
(arrow). Chronic fibrous rheumatic aortic and mitral valvulitis; fusion of the 
two remaining aortic commissures. 

cordium. The cardiac rhythm was entirely irregular (auricular fibrillation). The 
liver was enlarged, and fluid was demonstrated in the abdomen. Operative scars 
were present in the right inguinal region. The patient’s course was progressively 
downhill, and he died two days after admission, before a Wassermann test was 
made. 

Postmortem Examination— Yho. heart weighed 600 Gm. and was enormously 
enlarged (fig. 4). There were some fibrous (rubbing) tags over the 
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base of the left auricle, the anterior surface of the right ventricle and 
the anterior surface of the right auricle. The right auricular cavity was consider- 
ably dilated ; otherwise it was normal. The tricuspid valve showed fusion of the 
anterior septal commissure. Appro.ximatcly at the middle of the anterior leaflet 
was a small vessel which descends 0.5 cm. from the base toward the free edge. 
The chordae tendineae to the anterior cusp were slightly thickened. The right ven- 
tricle showed marked dilatation of the inflow and outflow tracts. The pulmonary 
cusps were normal. The pulmonary artery at the base of the right-left commissure 
was slightly thickened. This was less marked at the right anterior commissure. 
There was a slight rolling of the center of the free edge of the right pulmonary 
cusp. The pulmonary artery was somewhat dilated and showed an irregular and 
wide distribution of delicate puckerings and also several small, slightly raised 
yellowish plaques with irregular borders, the largest of which was 0.5 cm. in 
diameter. The left auricle was markedly dilated. The endocardium was thickened. 
Xo auricular lesion was grossly detectable. The mitral valve showed a marked 
universal thickening with typical old rheumatic changes. The anterior leaflet was 
somewhat elongated. The posterior leaflet showed a rough, rather j'ellowish 
deposit on its anterior surface. The chordae tendineae were markedly thickened 
and fused. There was a definite stenosis of the orifice. On palpating the mitral 
ring the posterior commissure of the anterior leaflet presented a rubbery feel. On 
making sections through this region, the tissues occupying the auriculoventricular 
sulcus showed extensive scarring. The apex of the interventricular septum in this 
region showed a typical circular gumma 2 mm. in diameter. This gumma lay 
somewhat anteriorly, reaching almost to the endocardial surface under the mitral 
pocket. The entire posterior mitral jiocket, from its right extremity to approxi- 
mately 4 cm. toward the left, showed a yellowish puckered thickening of its endo- 
cardium which was covered with thrombus for a considerable extent. Additional 
sections through the auricle, mitral pocket and underlying posterior ventricle, 
starting from the posterior commissural region of the anterior leaflet and extending 
toward the left for 4 cm., showed a continuation of the extensive scarring process 
which involved the lower part of the auricular wedge, the auriculoventricular sulcus 
and a large portion of the anterior surface of the posterior wall of the left ventricle 
in this region. Another typical gumma was disclosed 1 cm. to the left of the one 
previously described. The left ventricle was dilated and hypertrophied. The aortic 
cusps were thickened. The right posterior and left-right commissures showed 
typical rheumatic fusion, but the left posterior commissure showed a tj'pical 
syphilitic separation. The aorta, starting at the insertion of the annulus and 
continuing up through the entire arch .showed a typical syphilitic process with a 
minimum of sclerotic change. The orifices of the coronary arteries were narrowed 
by the inflammatory process; the left was only slightly stenotic, while the right 
measured approximately 2 mm. in diameter. The aortitic process descended several 
millimeters into the wall of the sinuses of Valsalva and was contiguous with all 
three commissures, causing, as noted, a separation of the left posterior commissure. 
Otherwise the coronary arteries were normal. 

Microscopic Examination. — Aorta: The architecture was markedly distorted 
by an infiltrating and sclerotic process. The adventitia was tremendously thick- 
ened and fibrosed, containing a considerable amount of new elastic tissue. Marked 
obliterative endarterial proliferation of the vasa vasorum and dense diffuse and 
focal perivascular and perineural aggregations of lymphocytes and plasma cells 
were seen. Large irregular dense fibrous scars, chiefly perivascular, were present 
in the media with thickening, twisting, rupture and distortion of the elastic fibers. 



742 


ARCHIVES OF PATHOLOGY 


Innumerable capillaries with perivascular infiltrations of lymphocytes and plasma 
cells were likewise found diffusely in the media. A few focal areas of necrosis with 
nuclear debris were situated in the outer third of the media. There was a dense, 
avascular, noninflammatory fibro-elastic proliferation of the intima which was 
most marked where the medial lesions were most advanced. 

Commissure Between the Left and Posterior Aortic Cusps: The aortitic lesion 
described continued unchanged into the region of the attachment of the two aortic 
cusps which grossly showed separation. In addition there was a moderate number 
of giant cells, occasionally resembling the Langhans type, in the annulus fibrosus. 

Left Aortic Cusp : The attached segment of aorta showed the same aortic 
lesion descending into the wall of the sinus of Valsalva, but ending abruptly at the 
upper portion of the aortic annulus. The ring spongiosa of the aortic cusp con- 
tained several bundles of smooth muscle and many capillaries. The capillaries 
ascended in liberal numbers throughout the length of the valve cusp in the broad 
fibro-elastic reduplication situated on the ventricular side of the hyperplastic ven- 
tricularis elastica. Toward the closure line a moderate infiltration with lympho- 
cytes was present in the reduplicated laj^er. The entire cusp was more than double 
its normal thickness because of the superimposed reduplication (especially at the 
closure line where the normal thickness was quadrupled). The adjacent crest of 
the left ventricular m3mcardium showed a moderate amount of interfascicular and 
perivascular fibrosis but no Aschoff bodies. Tbe mouth of the left coronary artery 
was moderately narrowed by thick hyperplastic intimal thickening. 

Posterior Mitral V alve : The leaflet was tremendously thickened by e.xtensive 
fibro-elastic proliferations. The ring of the valve was fibrotic, contained many 
vessels, often with a hyperplastic intima, and a moderate infiltration with plasma cells 
and lymphocytes. At this point the auricularis elastica became remarkably hyper- 
plastic, widened and deviated toward the ventricular side of the leaflet by the broad 
hyperplastic fibro-elastic reduplications, themselves the site of marked vasculariza- 
tion and lymphocytic infiltrations continuous with those at the ring. 

The attached segment of left auricular endocardium was sclerotically thickened 
and slightly reduplicated. The auricular m5'Ocardium was normal. The attached 
crest of left ventricular myocardium showed moderate interstitial fibrosis but no 
Aschoff bodies. 

Mitral Valve at Posterior Commissure ; Section through the region of the yellow 
nodule in the valve pocket showed the valve to be thicker than in the previous 
portion. Identical inflammatory hj^perplastic alterations were present in the 
leaflet. A typical blood platelet thrombus undergoing organization at the base was 
present in the valve pocket and was thickest where it overlay the superficially 
situated necrotic nodule. The nodule had a fairly homogeneous, somewhat 
basophilic appearance, with scattered cytoplasmic and nuclear debris. This mass 
of necrotic tissue was surrounded by a more or less irregular zone of granulation 
tissue containing many capillaries and a dense infiltration of Ij'mphocytes, plasma 
cells, fibroblasts and histioc3'tes. Delicate fibrous strands emerged from the inner 
aspect of this zone to invade the central necrotic area. External to the active 
granulating zone was a dense, jagged, fibrous capsule which sent prolongations 
along the adjacent subendocardium and between the m3mcardial fibers. These 
strands were likewise infiltrated with lymphocytes and, to a lesser extent, with 
plasma cells. They contained abundant vessels, which in the region of the auriculo- 
ventricular junction, showed extreme intimal hyperplasia, often with complete 
obliteration of the lumen. There were no giant cells. 
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Extensive interfascicular and perivascular fibrosis was present in the adjacent 
left ventricular myocardium. No Aschoff bodies were seen. 

Left Ventricle; The endocardium was normal, except for a few small, localized, 
fibrous thickenings. There was a definite excess of perivascular fibrous tissue, as 
well as slight, more diffuse interstitial fibrosis. No definite Aschoff bodies were 
found. There was moderate hyperplasia of the intima of the smaller and larger 
arteries, often localized or nodular. The epicardium was not thickened, but con- 
tained numerous foci of plasma cells and lymphocytes. 

Pulmonary Arterj" : A section through the plaque described grossly showed 
definite pathologic changes in the adventitia and media. The adventitia was 
densely scarred by fibro-elastic connective tissue containing blood vessels with a 
moderate degree of endarterial hyperplasia. About these vessels were collections 
of plasma cells and lymphocytes. Neither the blood vessels nor the infiltrations 
descended into the media at this point. The media showed edematous changes 
between the elastic fibers. The intima was slightly thickened. 

Pulmonary Artery and Valve: The pulmonary artery was normal. The ring 
spongiosa contained a few blood vessels and no cells. The tip of the valve was 
thickened by an increase of spongy connective tissue on the ventricular side of the 
ventricularis elastica, but the valve as a whole was free from inflammatory changes. 
The adjacent right ventricular myocardium was normal. 

Commissure Between Right and Left Pulmonary Valves : The pulmonary artery 
above the commissure was normal. The wedge of media at the root of the pul- 
monary artery which descends into the commissure was invaded by numerous blood 
vessels. Those in the outer layers of the media were surrounded by plasma cells. 
The adventitia and media showed scarring with rupture and increase of the elastic 
fibers. The valvular endocardium and intima in the commissural region were 
thickened by dense vascularized scar tissue. 

Anterior Tricuspid Valve: The tricuspid valve was normal, except at its 
insertion, where the ring was invaded bj' a sbeaf of arterioles which descended a 
short distance into the body of the valve. The annulus fibrosus was slightlj' thick- 
ened. The mj^ocardium was normal. The right auricle was negative. No Aschoff 
bodies were present. 

Summary . — The aorta showed syphilitic (gummatous) aortitis; the aortic valve, 
old rheumatic valvulitis, sj^philitic involvement of the left posterior commissure and 
aortic stenosis and insufficiency ; the mitral valve, old rheumatic valvulitis and 
mitral stenosis and insufficiency ; the left ventricle, gumma of the myocardium and 
interstitial fibrosis ; the pulmonary artery, focal arteritis and inflammation of the 
commissures of the pulmonary valve ; the tricuspid valve, old valvulitis ; the epicar- 
dium, chronic epicarditis. 

COMMENT 

The frequency of involvement of the aortic valve in syphilitic mesa- 
ortitis has been variously estimated at 10, 28 and 36.5 per cent (Eich,« 
Cabot," and Clavrson and Bein®). Such valvular involvement^^ gen- 
erally signifies gross and microscopic descent of the inflammatory process 

8. Eich, P.; Frankfurt. Ztschr. f. Path. 7:373, 1911. 

9. Footnote 9 deleted by author. 

10. Clawson, B. J., and Bell, E. T.: Arch. Path. 4:922, 1927. 

11. A more detailed description is given by Saphir and Scott (Am. J. Path. 
3:527, 1927; footnote 12), Krischner (Virchows Arch. f. path. Anat. 282:30, 
1931) and Benedict (ibid. 281:780, 1931). 
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into the aortic commissures with separation and absorption of the com- 
missural extremities of the cusps. A less common mechanism in the 
involvement of the aortic valve is weakening and dilatation of the root 
of the aorta. In either case the free borders of the individual leaflets 
become too short and incapable of competent diastolic closure. ■ As 
a result of the tension and friction constantly present in such incompetent 
valve leaflets it is common to find marked sclerosis, thickening and 
shortening of the entire leaflet with rolling of the free borders. This is 
principally true of the valvular defects associated with commissural 
syphilis. Although the lesion in the body of the aortic cusp may be 
at times grossly indistinguishable from chronic fibrous rheumatic valvu- 
litis, the etiology of the fibrous deformed aortic valve is nearly always- 
clear in uncomplicated cases of commissural syphilis. However, when 
associated with mitral stenosis, adhesive pericarditis, old left auricular 
endocardial lesions or an}^ other clinicopathologic indication of rheumatic 
cardiovalvular disease, macroscopic estimation of the role played by the 
rheumatic virus in the production of the aortic valvular defect is impos- 
sible. Recourse must be had to microscopic investigation. 

The histopathology of the aortic valve in syphilitic aortic insuffi- 
ciency has been described by Saphir and Scott who, in a series of 
one hundred and seven cases of syphilitic aortic insufficiency with co;n- 
missural involvement (separation), found inflammatoiy changes 
restricted to the commissural extremities of the cusps. The free border 
of the central portion of the leaflet, although frequently markedly thick- 
ened and rolled, was fibrotic, avascular and contained few if any infil- 
trating cells. Krischner was able to confirm this. Benedict, in a similar 
group of seventeen cases, presented in detail the microscopy of syphilitic 
aortic vaRes, classifying them into “ascending” (in the Monckeberg 
sense) and “descending” syphilitic types. The latter obviously represents 
extension to the valve cusp through the commissure, and here Benedict’s 
observations are in agreement with the accepted teacliings. With regard 
to the controversial “ascending” type of extension of the syphilitic proc- 
ess from the sinus wall onto the aortic layer of the leaflet (Benda and 
Ribbert ^■‘), he substantiates the observations of thickening and sclerosis 
in the free border of the cusp, but notes, in addition, extensive formation 
of new capillaries, congestion and perivascular tymphocytes in the trian- 
gular expanse of the spongy connective tissue layer at the base of the 

12. Saphir, O., and Scott, R. W. : Am. Heart J. 6:56, 1930. 

13. Benda: Die Gefasse, in .Aschoff, L.: Pathologische Anatomic; ein Lchr- 
buch fur Studierende und Aerzte. Jena, Gustav Fischer, 1911 ; quoted by Benedict.^' 

14. Ribbert : Die Erkrankung des Endocards, in Hencke, F., and Lubarsch, 0. : 
Handbuch der speciellen pathologischen Anatomic und Histologic, Berlin, Julius 
Springer, 1930, quoted by Benedict.^ 
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leaflet.^® He regards the entire anatomic i^icture as indicative of syphilis. 
We shall refer to this later. 

In order to establish definite histologic criteria for the recognition 
of syphilitic valvular lesions, we have investigated ten cases of syphilitic 
aortic insufficiency with commissural involvement in which the history 
and anatomic findings definitely excluded rheumatism. Microscopic 
examination of these thickened, deformed aortic valves (studied both 
near the commissure and in the midportion of the cusp) confirmed 
many of the observations of Saphir and Scott. At the maximum distance 
from the commissure inflammatory changes were entirely absent in the 
cusps in six cases. In three a moderate number of capillaries and round 
cells were found only in the ring and not in the cusp. In a single instance 
a more marked ring lesion consisting of thick-walled vessels with endo- 
thelial proliferation was found. This was observed to descend by 
contiguity from the intense syphilitic aortitis immediately above it and to 
ascend for a short distance into the ventricular side of the base of 
the leaflet. In short, only one of the ten cases showed inflammatory 
changes in the cusp per se. (An additional eleventh case showing well 
developed vascularization of the ring and the ventricular side of the 
entire length of the aortic leaflet was omitted because rheumatic disease 
could not be definitely excluded. Capillaries were present in the ring, 
base and closure line of the anterior cusp of the mitral valve and in 
the ring of the pulmonary valve. In this case the aortic valvulitis could 
not be traced as a direct extension from the syphilitic process in the 
aorta.) Marked avascular and relatively acellular fan-shaped whorls 
of fibro-elastic proliferation were generally present at the free border 
of the valve with regular noninflammatory thickening of the fibrous and 
elastic layers of the root of the cusp. The thickening of the root of 
the body of the cusp was alwa3's less than that at the free border. 
On the other hand, sections taken near the commissures revealed typical 
syphilitic chronic inflammatory alterations, most intense at the ring and 
tapering off as the free border was approached. Immediately adjacent 
to the commissures the small segment showed diffuse and most intense 
lesions. 

In four additional cases of syphilitic aortic insufficiency showing 
marked fibrocalcific deforming disease of the aortic valve capillaries 
and round cells were present in the cusps and rings in three instances. 
They bore no relation to the distance from the commissure and were 
apparently reactive changes to lipoid and calcareous degeneration. They 
are not to be interpreted as of specific inflammatory origin. 

15. This has been aptly termed ring spongiosa (Gross and Kugel o). 

16. These cases will be described in more detail with a group of cases of fibro- 
calcific disease of the aortic valve to be published. 
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Although Benedict did not indicate how far from the commissure 
his sections in the “ascending” type were taken, it is extremely sugges- 
tive from our observations that the severe inflammatory lesions he noted 
in the valve rings were in close proximity to the commissures, which 
is not representative of the true anatomic condition of the larger mid- 
portion of the cusp. In the latter location we were able to find marked 
inflammatory involvement of the valve in only one of our ten cases. We 
therefore believe that one must expect, as a rule, to find little or no 
inflammatory change in this midregion. When any exists, it represents 
either the rare “ascending” type of extension from the root of the 
aorta or a horizontal diffusion from the commissures. 

In contradistinction to the histologic syphilitic lesions just described 
are those found in this laboratory by Gross’" and his co-workers in 
a large series of cases of chronic rheumatic cardiovalvular disease. 
Marked vascularization (often arterioles with well developed muscular 
coats) was found with remarkable constancy in the valve rings, regard- 
less of the distance from the commissures, and in all but inactive cases 
lymphocytic infiltrations were also present. The aortic cusps themselves 
were markedly thickened by extensive irregular reduplications of fibrous 
tissue with varying amounts of vascularization and proliferation of 
elastic fibers. These layers, the site of inflammatory changes identical 
with those in the ring, were situated on the ventricular side of the cusp 
causing deviation (toward the arterial side) of the hyperplastic ven- 
tricularis layer of elastica, itself similarly inflamed. 

Because of the limitation of syphilitic inflammation to the commis- 
sural extremity of the cusp in a great majority of cases, the histologic 
demonstration of the previously described inflammatory lesions in the 
midportion of the cusp is indicative of rheumatic valvulitis, even though 
commissural syphilis is present. In a valve presenting both types of 
lesions a dual etiology must be considered — commissural syphilis and 
valvular rheumatism. 

Reference to the protocols and figures of our thi'ee cases leaves no 
doubt that they fall into this group of combined syphilitic and rheumatic 
disease of the aortic valve, the former condition apparent at the com- 
missure, and -the latter involving the entire leaflet. 

Since isolated syphilitic or rheumatic disease of the aortic valve 
may present identical clinical pictures, it is impossible to predict definitely 
the clinical concomitance of the two. When there is anamnestic and 
clinical evidence of both syphilitic and rheumatic infection, the existence 

17. Gross, L. : Personal communication to the authors. 

18. This does not take into consideration the extremely rare cases of granuloma- 
tous or gummatous involvement of the valves of the heart, examples of whicli are 
to be published shortly. 
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of the phvsicai signs of mitral stenosis or ir.sufncienc}' leads one to 
avoid, sometimes unjustifiably, the diagnosis of sj'philis of the commis- 
sures of the aortic i-aive. Likev.ise. if signs of aortic stenosis as tveii 
as of insufncier.cy are present in a syphilitic patient, the diagnosis vrould 
almost certainly be tmcomplicated rheumatic disease of the aortic valve. 
( Rareiv. dbrocalcinc disease of sypliiiitic aortic leanets may produce the 
clinical signs of stenosis : one might incline tovrard this diagnosis in the 
[irtsence of a definitely s^-pliiiitic lesion at the root of the aorta, s. e.. 
aneun.-sm. v.-ith clinical signs of aortic stenosis and insufficienc}' and 
vrithout evidence of organic mitral valve or pericardial disease.; 

In case 1 the clinical and iaboratom- data pointed to the presence 
of combined syphilitic and rheumatic infection. Because of the relative 
vouth t 27 years > of the patient and the predominance of the rheumatic 
hiistom-. the diagnosis of syphilitic valvular disease tvas not seriously 
considered clinically. For the same reasons the aortic lesion was sub- 
mitted to a careful pathologic examination to e.xclude the possibility of 
its being rheumatic aortiris. However, the probability that the patient 
acqiured syphilis ten years before death (at the age of 17. when he 
already had had gonorrhea), the 4 plus Wasserm.ann reaction. tl:e 
typical supravalvular location of the aortitis and the Itistologic details 
leave little room for doubt. A comparison of this case vrith one of 
kriov.-n rheumatic aorritis. which was grossly similar, revealed no striking 
histologic resemblance, nor did the lesion present any of the character- 
istics described by Pappenheimer and \'on Giahn in rheumatic aortitis. 


Case 2 oSered no ground for the clinical diagnosis or syphilis. The 
liistory and results of physical examination were characteristic of rheu- 
matic disease of the heart and the W'assermann reaction of the blood 
was negative. The pathologic demonstration of supra\-alvular syphilitic 
aortitis descending grossly and histologically into tv.-o of the aortic 
commissures was an unexpected obserration. 

As in case i. the clinical findings in case 3 indicated the presence 
of both rheumanc and syphilitic infection. The extent to vrhich either 
participated in the e^'olution of the cardiac syndrome v.'as not clear 
clinically. 

Three unusual pathologic complications in these cases 'warrant fur- 
ther mention, i. e.. the lesion of the main pulmoriary artery in the first 
and third cases, the gurmna in the tliird case and the superimposed 
subacute bacterial endocarditis in the second. 


The etiology.' ox the lesions found in the puimonarr arteries in cases 
1 and 3 remains unclear. In these patients the adventitial lesion, with 
Its perivascular collections of round cells and marked intimal hvperplasia 

19. Pappenreznier. A. and Ven Giahn. W. C: T. if Research 44 -. 1 S 9 
1924. * ’ 
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of the vasa vasorum, is best explained as an extension by contiguity 
from the severely inflamed adventitia of the aorta. However, the etiol- 
ogy of the scarred, acellular medial lesions seen in each of these two 
patients must remain undetermined, since such scars could conceivably 
be due to either a healed syphilitic or a healed rheumatic lesion. The 
same attitude must be assumed toward the commissural lesions found in 
the pulmonary valve in case 3, although in this patient again the location 
and the type of cellular infiltrations favor the diagnosis of S3'philis. 

Gumma of the myocardium is a rare lesion, and its presence in 
case 3 was an entirely fortuitous finding, unassociated with clinical mani- 
festations. This case is also being reported elsewhere.-® 

It is not necessar}'^ to comment on the occurrence of subacute bac- 
terial endocarditis in case 2, except to note that it is not a rare com- 
plication of either rheumatic cardiovalvular disease or syphilitic aortic 
insufficiency. 

SUMMARY 

Three cases of combined syiffiilitic and rheumatic disease of the 
aortic valve are reported. In the presence of commissural syphilis, 
sclerotic deformities of the aortic valve usually occur. When rheumatic 
lesions are found elsewhere in the heart, it is at times impossible to 
decide from macroscopic examination alone whether rheumatic disease 
participated in the production of the aortic valvular defect. By the 
aid of established histologic criteria for the recognition of rheumatic 
and syphilitic disease of the aortic valve it is possible to demonstrate 
such participation, if it exists. Emphasis is placed on the limitation 
of syphilitic changes in the aortic leaflets to their commissural extremi- 
ties in the great majority of cases, and on the difftise nature of the 
characteristic lesions of rheumatic valvulitis. Interstitial valvulitis in 
the midportion of an aortic cusp, particularly with fibro-elastic vascu- 
larized reduplications on the ventricular aspect, usually signifies disease 
other than syphilis (nearly always a rheumatic infection-^). Associa- 
tion of these two types of histopathologic lesions establishes the existence 
of combined syphilitic and rheumatic disease in the aortic valve. The 
rarity of this association is indicated by the fact that it has, to our 
knowledge, never been previously reported. 

20. In a report on rare syphilitic lesions of the heart to be published shortly. 

21. In the absence of definite rheumatic manifestations elsewhere in the heart, 
the etiologj’- of this type of microscopic lesion is still probably rheumatic, although 
in less characteristic instances it may represent healed lesions of other endo- 
carditides. 
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SEARCH FOR AX INFECTIVE AGENT AND ATTEMPTS AT 
EXPERIMENTAL REPRODUCTION 

PAUL E. STEIXER. M.D., Ph.D. 

Fellow in Medicine of the Xational Research Council 
CHICAGO 

Since the report by Sternberg ^ in 1898 claiming an etiologic rela- 
tionship between tuberculosis and Hodgkin's disease a voluminous and 
conflicting mass of evidence has accumulated. This evidence has been 
discussed in recent reviews by Wallhauser.- Simonds,“ \'asiliu ^ and 
Chevallier and Bernard.”’ 

Interest in tbe possible tuberculous origin of Hodgkin's disease was 
rearoused by the reports of L'Esperance.*^ who stated that she was able 
to produce tuberculosis in cbickens and in previously vaccinated guinea- 
pigs by injection of material from persons with Hodgkin's disease. When 
the studies to be reported in this publication were begun there were no 
contradictory or confirmatory reports available. Since then Utz and 
Keatinge ' stated that they have confirmatory evidence, which they, how- 
ever. fail to give. They have already begun the treatment of Hodgkin's 
disease with chicken serum prepared by injection of material from 
tissues showing Hodgkin's disease, and they have reported encouraging 
results in thirty patients so treated.® 

Branch ® stated that certain investigators failed to confirm the experi- 
mental results of L'Esperance. Of these, \”an Es investigated three 
cases and Aronson two cases. Schulz, on the other hand, isolated acid- 
fast organisms, apparently of avian t\-pe, from a node in one case. iMore 
recently van Rooyen reported that he obtained negative results in 
six cases studied by cultural methods and by inoculation and grafting 

From the Department of Pathology- of the UniversiW of Chicago. 

1. Sternberg. C. : Ztschr. f. Heilk. 19:21. 1898. 

2. Wallhauser, A.: Arch. Path. 16:322 and 672, 1933. 

3. Simonds. J. P. : Arch. Path. 1:394, 1926. 

4. Vasiliu. T. : Ann. d’anat. path, 8:815. 1931. 

5. Chevallier, P., and Bernard, T. : La maladie de Hodgkin. Paris, ^Masson & 
Cie, 1932. 

6. L’Esperance, E. : (a) T. Immunol. 16:37. 1929: (fc) 18:127 and 133, 1930; 
(c) Ann. Surg. 93:162, 1931. 

7. Utz. L., and Keatinge, L. : M. J. Australia 1:397, 1931. 

8. Utz, L., and Keatinge, L. : il. T. Australia 1:521. 1932. 

9. Branch. A.: Arch. Path. 12:253. 1931. 

10. van Rooyen, C. E. : Brit. M. J. 1:50, 1933. 
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into fowls. Garrod in one case was unable to produce tuberculosis 
in pigeons. Wallhauser - and H. L. Stewart were unable to find 
evidence of tuberculosis in chickens into which the diseased tissues had 
been injected. 

F. W. Stewart and Doan recently presented immunologic evidence 
suggesting a relationship to avian tuberculosis. They found that the 
precipitin titer with tuberculophosphatide in known cases of Hodgkin’s 
disease was within the range observed in known cases of tuberculosis, 
and that the titer with avian tuberculophosphatide tended to be higher 
than that with human tuberculophosphatide. These results were not 
obtained with other types of lymphadenopathies. 

The present experiments were designed ( 1 ) to test the diseased tissues 
in a series of fifteen cases of Hodgkin’s disease (as well as in eight con- 
trol cases of different lymphomas) for ability to produce tuberculosis 
in chickens, guinea-pigs, rabbits, dogs and mice, and (2) to test these 
same tissues by special cultural methods for the presence of tubercle 
bacilli. In each case of Hodgkin’s disease the diagnosis had been estab- 
lished by examination of microscopic sections of the diseased tissues 
by two or more experienced, disinterested pathologists, who used as 
their criterion the classic description by Reed.^'^ Lack of space precludes 
a description of each case in detail. Most of the patients were followed 
clinically. In the evolution of their disease and in their symptoms, 
physical signs, response to roentgen therap}^ and other clinical mani- 
festations they presented typical Hodgkin’s disease. Because of the 
scope of the investigation, the significant but negative results obtained 
and the objections raised by certain critics to the procedures used by 
other investigators, the experimental procedures will be given in detail. 

EVIDENCE FROM INOCULATIONS AND TRANSPLANTATIONS OF THE 
DISEASED TISSUES INTO ANIMALS 

Experiments were planned to determine the transmissibility of pos- 
sible infectious agents, whether bacteria or virus, and the transplantability 
of tissues which may possibly be regarded as neoplastic. 

Material from 15 persons with proved Hodgkin’s disease was inocu- 
lated into 35 chickens, 24 guinea-pigs, 18 rabbits, 7 dogs and 3 mice. 
Tissues secured at autopsy from suspicious lesions in these animals 
were in turn used in further attempts at transmission or passage of the 
disease in 4 chickens, 4 guinea-pigs and 4 rabbits. 

11. Garrod, L. P., in Rose Research on Lymphadenoma, Bristol, John Wright 
& Sons, Ltd., 1932, p. 105. 

12. Stewart, H. L. : J. Lab. & Clin. Med. 18:281, 1932. 

13. Stewart, F. W., and Doan. C. A.: Ann. Surg. 93:141, 1931. 

14. Reed. D. AI.: Johns Hopkins Hosp. Rep. 10:133, 1902. 
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Similarly conducted control experiments were made in 8 cases of 
different types of lymphadenopathy. These included 3 cases of lympho- 
sarcoma (1 of reticulum cell tyjje and 2 of lymphocytic cell type), 3 
cases of leukemia (1 each of aleukemic myelosis, aleukemic lymph- 
adenosis and chronic lymphatic leukemia) and 2 cases of tuberculous 
lymphadenitis. These cases were chosen because they were indistin- 
guishable from cases of Hodgkin’s disease by their clinical features or 
by their blood pictures. The biopsy or the subsequent course deter- 
mined the diagnosis. Inoculations were made into 22 chickens, 15 
guinea-pigs, 14 rabbits, 1 dog and 9 mice. Tissues from some of these 
animals in turn were used in attempted passage of the disease in 7 
chickens. 6 guinea-pigs and 6 rabbits. Thus material in 23 cases was 
injected into 199 animals of dift'erenl species. 

A second type of control consisted of 23 chickens that were not 
subjected to injections. This group was chosen to provide a check on 
the occurrence of spontaneous tuberculosis — reputedly common in this 
species — and on environmental factors. Representative specimens were 
selected from successive lots of chickens pmxhased. They were kept in 
cages alternating with those of the fowl given injections and were sub- 
jected to the same environmental conditions. 

E.rl^crhiiciita! Procedure . — Tlic lymphogranulomatous and control tissue.s were 
secured aseptically by biopsy or at autopsy. A representative portion of each lymph 
node or spleen used for injection was prepared for histologic examination. The 
remainder was chopped and ground in a sterile mortar with sterile physiologic 
solution of sodium chloride. When the tissue was fibrous the maceration was 
aided by the use of sterile sand. The suspension was injected as soon as possible, 
in some instances within two hours after the removal of the tissue. Intravenous 
injections were made through a 23 gage hypodermic needle. Subcutaneous, intra- 
peritoneal and intracerebral injections were made through a needle of 20 gage 
or larger. An attempt was made to inject particles that would barely pass through 
the needles. On the whole rather large doses were used (tables 1 and 2). 

Partly grown chickens of both sexes were used. At first they were purchased 
in the open market. After a tuberculous chicken had been found, all were sub- 
sequently purchased directly from a farm. The chickens had been raised in 
brooders on an open range and were shipped to the laboratory in crates previously 
unused. In addition, they were tuberculin-tested and kept away from known 
sources of accidental infection. The conditions of food and environment were 
not ideal. Certain chickens showed signs of mineral and vitamin deficiency and 
should have been readily susceptible to infection. After receiving injections 
they were kept in cages 3 tiers high. Thus there was opportunity for infection 
of those in the bottom rows with material dropped from those above. The quarters 
were rather dark, no direct sunlight being admitted. There was little opportunity 
for exercise. Every chicken received an injection in the wing vein from the 
suspension described. It was found that despite an occasional immediate death 
from embolism chickens tolerate coarse suspensions better than do rabbits. In 
addition to the intravenous injections some chickens were given subcutaneous and 
iutraperitoneal injections. 



rAisLK 1 . — Experiments in Which Unman Tissues Affected with Hodykin’s Disease Were Injected into Animals 



Total (in capes) 




Controls (no Injections kIvoii) 
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The rabbits and guinea-pigs received the usual laboratory care. They were 
kept in hygienic surroundings away from tuberculous animals. Young animals 
were used and they gained weight rapidly. They were also tuberculin-tested 
before use. The rabbits were given intraperitoneal injections. In addition, some 
were given subcutaneous injections. The guinea-pigs usually received subcutaneous 
injections, but some also received intraperitoneal injections. Transplantation of 
thin wafers of tissue was made subcutaneously and intraperitoneally into some 
guinea-pigs and rabbits. 

Each dog received an intracerebral injection through a small perforation of 
the skull in the frontal region. Since tuberculous dogs do not give a cutaneous 
reaction to tuberculin this test was often omitted. The intracerebral injections 
were made because of the success reported by Feldman in infecting dogs with 
avian tubercle bacilli by this method. 

After the injections had been given, all animals were watched carefully for 
signs of disease. They were weighed frequently. Tuberculin tests were performed 
frequently on the chickens, both avian and human tuberculins of proved potency 
being used. Old tuberculin 50 per cent of full strength was used in 0.1 cc. doses. 
At the termination of the experiment some chickens had received seven different 
tests with each tuberculin. There was no evidence that any of them had been 
sensitized by the tuberculin of previous tests. The rabbits and guinea-pigs were 
tuberculin-tested less frequentlj', but all were tested before the end of the experi- 
ment. For these tests, decreasing dilutions of human and avian tuberculins down 
to that of 1 : 10 were used. 

The animals that did not spontaneously succumb to disease were killed by 
overanesthetization between the ninth and thirteenth months. The dogs were an 
exception in that these experiments were terminated between one hundred and 
two hundred and sevent}'-four days. All animals were carefully examined grossly 
at autopsy for evidence of disease. Tissues were then preserved in fixing solution 
and sections were examined as a routine from lungs, liver, spleen and kidneys 
as well as from other organs as indicated. All tissues that were tuberculous or 
that contained lesions even remotely suggesting a granuloma were stained for 
acid-fast organisms. For this purpose, the Cooper modification of the Ziehl- 
Neelsen stain was most satisfactory. 

Certain animals at autopsy presented lesions the nature of which was uncertain. 
The tissues showing these lesions were subjected to further study by three 
methods: 1. Direct smears were stained by the Ziehl-Neelsen method. 2. Cultures 
were made according to the method described for growing the tubercle bacillus. 
3. Passage experiments were carried out (tables 1 and 2) in which these tissues 
were used for injection into other animals, the methods being used which were 
emplo 3 ^ed with the original material. 

Results . — The results of the experiments with tissues from persons 
with Hodgkin’s disease are given in table 1 ; those of the experiments 
with the control materials, in table 2, and a summary, in table 3. Several 
experiments deserve special comment. 

Of the 35 chickens that received injections of suspensions of tissues 
from persons with Hodgkin's disease and 22 that received injections 

15. Steiner, P. E. : Am. Rev. Tuberc., to be published. 

16. Feldman, W. H, : Am. J. Path. 7:147, 1931. 

17. Cooper, F. B. : Arch. Path. 2:382, 1926. 
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of suspensions of control tissues, only 1 died of undisputable tuberculosis. 
In this experiment 3 guinea-pigs, 3 rabbits and 3 chickens received injec- 
tions of the same retroperitoneal lymph node suspension. Of the 9 
inoculated animals, only 1 chicken acquired tuberculous lesions. The 
patient, a boy 8 years of age, died two years after the onset of symp- 
toms referable to Hodgkin’s disease (case 4). One month after injec- 
tion of the material the tuberculin reaction in this chicken (C 18) was 
strongly positive. The fowl lost over half of its original weight and died, 
nine weeks after inoculation, with a massive tuberculous infection of 
the liver, spleen and lungs. On histologic examination the acid-fast 
bacilli were present in great numbers. Unfortunately, spontaneous 
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* Tliesc controls were not given injections but were kept in cages alternating with tho=e 
of the chickens given injections and were subjected to the same environmental conditions, 
t One of the chickens given injections. 


tuberculosis cannot be ruled out. This chicken was one of the first 
in the series and was not tuberculin-tested prior to the injection of the 
suspension of tissue from the patient with Hodgkin’s disease. A sus- 
pension of the liver and spleen of this chicken was injected into 2 
chickens, 2 rabbits and 2 guinea-pigs. One chicken died with tubercu- 
losis, principally of the liver, in six weeks, and the other, of tuberculosis 
of tbe liver, spleen, lungs and bone marrow in nine weeks. One of the 
guinea-pigs died in six weeks with marked generalized tuberculosis. The 
second guinea-pig acquired a positive reaction to avian tuberculin but 
failed to react to human tuberculin ; when killed ten months after injec- 
tion it had only a few scars in the lungs, which on histologic examination 
could not be definitely identified as tuberculous. Of the 2 rabbits, one 
died two weeks after receiving the injection, during a minor epidemic 
of enteritis, and revealed no sign of tuberculosis, while the other died 
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m SIX weeks of extensive tuberculosis. Cultures of the original chicken 
hver and spleen on various mediums juelded acid-fast bacilli which on 
injection into chickens killed them with typical tuberculosis. 

Many other chickens died during the course of the experiments. 
Perhaps the most common cause of death was leukemia or a leukemoid 
reaction. Such chickens did not acquire a positive reaction to tuberculin, 
although occasionally a slight edematous swelling occurred at the test 
site. The}’ did not lose much weight, and at autopsy the gross observa- 
tions were not those of t 3 '’pical tuberculosis. Histologic examination 
revealed the nature of the disease. There was an absence of stainable 
acid-fast bacteria in such lesions, cultures for acid-fast organisms were 
negative and in several passage experiments no tuberculosis was pro- 
duced. Furthermore such leukemoid reactions occurred in the control 
groups of chickens, both those given and those not given injections. 

Another lesion worthy of special mention which was encountered 
4 times was a granuloma of the wall of the gastro-intestinal tract, usually 
in the cecum. These masses grossly resembled one described by L'Esper- 
ance as tuberculous. Micro.scopically, however, they showed varying 
amounts of new granulation tissue and fibrous connective tissue. There 
were areas of massive necrosis and also smaller necrotic foci, at the 
periphery of which there was sometimes a marked giant cell reaction. 
The chickens producing the granulomas lost much weight. They had 
persistently negative reactions to tuberculin. No acid-fast bacteria were 
e\’er seen in multiple stained sections and no growth of acid-fast organ- 
isms was recovered in cultures. Passage experiments failed to produce 
tuberculosis in the various species of animals used. Two chickens in 
• which such tumors developed were controls not given injections; another 
was a control given an injection of a suspension of lymphosarcomatous 
tissue, and the fourth was a chicken used in a passage experiment in 
which a suspension of tissue from a leukemic chicken was injected. 
These lesions are therefore considered to be nontuberculous. 

Lesions of still another type were encountered in 3 chickens. These 
consisted of firm, grayish-yellow, discrete but unencapsulated nodules 
in the liver, measuring from 4 to 10 mm. in diameter. On histologic 
examination the nodules were seen to be made up of man}' types of cells, 
among which small and large mononuclear cells predominated. There 
were numerous cells resembling myelocytes, as well as some large mono- 
nuclear giant cells. Cells with a granular, eosinophilic cytoplasm were 
numerous. Cells of the type of the plasma cell were also present. All 
these cells were supported in a reticular framework which resembled 
that of the original liver (fig. 1). In addition to these features common 
to all, one nodule showed several focal accumulations of densely packed 
cells 'with small round and oval nuclei with an even chromatin pattern 
and a very eosinophilic, finely granular, moderately abundant cytoplasm. 
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Immediately suiTOimding these foci wei'e found rings of endothelioid 
"iant cells with clusters of pale nuclei and indefinitely outlined cytoplasm 

W 2 ). 

As far as one can determine from an examination of photomicro- 
graphs, these lesions show a remarkable resemblance to those illustrated 
by L’Esperance.'’" However, I do not consider them tuberculous for 
the following reasons: No acid-fast organisms were demonstrable in 
them. The chickens on repeated tests never gave a positive reaction to 
tuberculin. IMoreover, two of the lesions occurred in controls that had 
not had injections. The third was found in an apparently healthy 



Fig. 1. — High power photomicrograph showing the types of cells found in the 
hepatic nodules. X 1450. 


chicken killed nine months after it had received an injection of a 
suspension of tissue from the patient in case 13, one of Hodgkin's disease. 
The other 2 chickens given injections of the same material and exam- 
ined post mortem at the same time showed no disease. None of the 
lesions of this t 3 'pe showed an}- tendenc}- to dissemination or to produc- 
tion of a fatal disease. Unfortunately, no passage experiments were 
performed with these lesions. 

The other chickens that died before the termination of the experi- 
mental period showed a variety of lesions. They failed to show positive 
reactions to tuberculin or evidence of tuberculosis. Five chickens that 
received injections of suspensions of tissue from 2 persons with tuber- 



758 


ARCHIVES OF PATHOLOGY 


culous adenitis presented no sign of tuberculosis. Likewise those given 
injections of tissues from persons with leukemia and lymphosarcoma 
did not become tuberculous. 

Of the 24 guinea-pigs into which injections or transplantations of 
Hodgkin’s tissues were made, only 1 contracted tuberculosis. This 
animal (G-P47) presented enlargement of the inguinal lymph nodes 
on the side of the injection and when tested four months later had a 
positive reaction to human tuberculin and a negative reaction to avian 
tuberculin. The original lymph node obtained for biopsy from the 
cervical region of a man 21 years of age showed no microscopic evidence 



pig. 2. — Type of lesion, resembling a tubercle, found in the hepatic nodule 
shown in figure 1. This is considered nontuberculous. X SOO. 


of tuberculosis (case 17). The animal died six and one half months 
after it received the injection, with extensive tuberculosis of the lungs, 
liver, spleen and lymph nodes. The other guinea-pig and the 2 chickens 
that received injections of the same material never showed positive reac- 
tions to tuberculin and at the termination of the experiment showed no 
evidence of tuberculosis. 

Two guinea-pigs that received injections of a suspension of tissue 
from one of the control patients with tuberculous adenitis died of tuber- 
culosis. Of 13 guinea-pigs that received injections of material from 
3 persons with lymphosarcoma and 3 with leukemia, 1 developed tuber- 
culosis (case 3). This animal (G-P17) died of marked generalized 
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tuberculosis five months after tissue from a retroperitoneal lymph node 
had been engrafted into it. The node showed the histologic picture of 
a reticulum cell tj'pe of lymphosarcoma. No special significance was 
attributed to this observation since the injection of nontuberculous 
lymph node tissue from this location not infrequently produces tuber- 
culosis in animals. 

Xo rabbit, not even the 2 given injections of the material from the 
2 patients with tuberculosis, contracted tuberculosis during the e.xperi- 
ments. Seven dogs received intracerebral injections of suspensions of 
tissue from persons with Hodgkin’s disease and one, of a suspension 
of lymphosarcomatous tissue, without showing evidence of tuberculosis. 
Of the mice that became tuberculous during the experiments, both had 
received injections of material from a person with tuberculous adenitis. 

Because of the success of Xungester in enhancing the virulence 
of bacteria by suspending them in sterile gastric mucin, this method 
was tried in 1 case of Hodgkin's disease. One dog and 2 guinea-pigs 
failed to acquire tuberculosis after being given injections of the diseased 
tissue suspended in mucin. 

E\'IDEXCE FROM CULTURES 

Cultural studies were undertaken, not primarily to determine the 
bacterial flora of the tissues from the patients with Hodgkin’s disease, 
but to demonstrate acid-fast organisms if they were present. Main- of 
the reported bacteriologic studies on lymphogranulomatous tissues ante- 
date the development of cultural methods and procedures which today 
are highh' recommended for the isolation of acid-fast bacteria. Thus 
the cultural studies served as a control of the injections and pennitted 
application of some of the reputedly superior methods for the isolation 
of tubercle bacilli. 

An attempt was also made to repeat the observations of Busni.’® 
She reported that from tissues showing Hodgkin’s disease she was able 
regularl}' to grow bacteria which, when examined at from twelve to 
twenty-four hours, were acid-fast and resembled Koch’s bacillus. After 
another period of from twelve to twent)'-four hours they appeared as 
small nonacid-fast cocci. After further incubation, at a time when mac- 
roscopic growth was not yet evident, they resembled masses of staphylo- 
cocci. Special procedures were devised to make analogous observa- 
tions on cultures concerned here. 

Experimental Procedure . — Fragments of diseased spleen and K-mph node tissues 
were inoculated into culture mediums as soon as possible after they were obtained 
for biops 3 ' or at autopsj-. This was usually within a few hours after their removal. 

18. Xungester, W. J.: Proc. Soc. Exper. Biol. & 'iNfed. 30:120, 1932. 

19. Busni, X.: Virchows Arch. f. path. Anat. 268:614, 1928. 
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Thin, wafer-like slices or macerated tissues were transferred to the surface of 
solid mediums in culture tubes. In some cases contamination was suspected and 
the tissues were treated with 6 per cent sulphuric acid, 5 per cent ovalic acid 
or 3 per cent acetic acid for thirty minutes or more before inoculation. The 
mediums used were Sweany’s 20 veal, cream, milk, egg, medium. Corper’s potato 21 
and Herrold’s egg j'olk medium .22 The latter was modified in a few instances 
by the addition of 5 per cent glycerin. Loeffler’s serum, blood agar and Petroff’s 
egg medium were also used at various times. Numerous tubes were inoculated with 
material from each case. Incubation was continued for periods up to nine months. 

It is generally recognized that partial carbon dioxide tensions are superior for 
the isolation of some acid-fast bacteria. Accordingly some of the culture tubes 
were incubated in 10 per cent carbon dioxide tensions at 37 C. Since lower 
temperatures have been advocated as advantageous for certain strains, some tubes 
were kept at room temperature. The criteria for sterility have been modified by 
the pioneer work of Hauduroy 22 on serial plate transfers. With certain specimens 
that appeared sterile after prolonged incubation his technic was employed for 
periods up to twenty days before the tubes were discarded as sterile. In an attempt 
to repeat the observations of Busni, examinations of apparently sterile cultures 
were made at twenty-four hour intervals by grasping the implanted tissue in the 
culture tubes with sterile forceps, touching the surface which was in contact with 
the culture medium to the surface of a sterile glass slide, and then examining the 
slide preparations after staining them by the Ziehl-Neelsen and Gram methods. 

Results . — No cultures of definitely acid-fast bacilli were obtained 
by these methods from tissues in 11 cases of Hodgkin’s disease. 
Although the mediums were not especially suitable for the growth of 
the diphtheroids so frequently recovered by man}- investigators, bacteria 
of this type were grown in 4 cases, and other common bacteria usually 
considered to be contaminants were grown occasionally. In 2 cases the 
culture tubes remained sterile. 

In only 2 instances were observations made resembling those reported 
by Busni. From a cervical lymph node removed for biopsy in a case of 
Hodgkin’s lymphogranulomatosis, implanted on modified Herrold 
medium and incubated in 10 per cent carbon dioxide tension, small 
nonacid-fast bacilli of medium size appeared on the impression slide 
preparations. Observation of these organisms revealed that most of 
the body was gram-negative but that it contained from one to four, 
usually two, gram-positive granules of a diameter equal to that of the 
bacillus. The organisms containing four granules appeared to be short 
chains of streptococci. 'When only two granules w-ere present the appear- 
ance suggested a diplococcus. After another fort}--eight hours of incu- 
bation rather small, slightly beaded bacilli resembling diphtheroids, but 
with a tendency to be acid-fast, were numerous. Macroscopic evidence 

20. Sweany, H. C.. and Evanoft, M.: Am. Rev. Ttiberc. 18:661, 1928. 

21. Corper, H. J. : I. A. AI. A. 91:371, 1928. 

22. Herrold, R. D.: T. Infect. Dis. 48:236, 1931. 

23. Hauduroy: Conipt. rend. Soc. de biol. 97:1392, 1927. 
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of growth first appeared on the ninth day, and an organism resembling 
a diphtheroid, without any tendency to be acid-fast, slowly grew out. 

In another case the sterile slide impressions prepared after twenty- 
four hours of incubation of tissue secured for biopsy from a cervical 
lymph node in a case of Hodgkin’s disease showed clusters of gram- 
positive coccus-like organisms. These, however, failed to become grossly 
visible, and although the rapid serial plate technic was used, no bac- 
terial colonies were ever obtained. 

Five controls consisting of tissues fimm 3 patients with lymphosar- 
coma and 2 with leukemia yielded no significant organisms. No acid-fast 
bacteria were grown from them. Diphtheroids were grown in 1 case 
and staphylococci were grown in 2. 

COMMENT 

In this intensive search for tubercle bacilli in tissues from patients 
with Hodgkin's disease by inoculation of the tissues into a variety of 
species of animals and h}'- cultural methods little evidence of such organ- 
isms was found. No acid-fast strains resembling tubercle bacilli were 
grown by cultural methods, and inoculation of material from fifteen 
patients with Hodgkin’s disease into animals gave tuberculosis in only 
1 guinea-pig and 1 chicken. In the latter animal a spontaneous tubercu- 
lous infection was not ruled out. In neither of these cases were other 
animals infected by injections of the same material. 

If the results of Dolgopol showing that chickens are insusceptible 
to infection by the human type of tubercle bacillus are accepted — and 
this observation is confirmed in the 2 control cases of tuberculous adeni- 
tis used in this series — it becomes apparent that the 1 chicken that con- 
tracted tuberculosis in these experiments was infected with tubercle 
bacilli probably of avian type. This is substantiated by the results 
of injection of infected tissues and of cultures of acid-fast bacilli 
obtained from this chicken into other chickens. 

One important factor in the propagation of tuberculosis in animals 
is the size of the infecting dose. This was borne in mind throughout 
the investigation. Consequently, in many experiments, large amounts 
of the diseased tissues were macerated and thick suspensions were pre- 
pared. Of these, large amounts were injected (see table 1). Never- 
theless the incidence of infection remained low. 

Another important factor is the resistance of the test animals. Over- 
crowding, poor ventilation, dark quarters, undernourishment and vitamin 
deficiencies lead to a higher incidence of infection. Among my experi- 
mental animals the chickens alone were subjected to some of these 
adverse conditions. Still they failed to present tuberculosis. This leads 
to the belief that acid-fast organisms pathogenic for chickens were 

24. Dolgopol, V. B.: J. Infect. Dis. 49 : 216 , 1931. 
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extiemely infrequent in, or entirely absent from, the tissues of the 
patients with typical Hodgkin’s disease whom I studied. 

Ewing emphasized the factor of duration of time in the production 
of tuberculosis with such tissues. Although many of m}^ experiments 
were allowed to continue for over one year there was no increasetl 
incidence of infection. 

The incidence of tuberculous infection in guinea-pigs in this series 
was also smaller than that reported by some investigators. One guinea- 
pig of the 24 given injections of the tissues showing Hodgkin’s disease 
was infected. This incidence closely approaches that reported by 
Twort and by Gordon.-' The latter produced tuberculosis in 3 of 
40 guinea-pigs subjected to injection. 

The diphtheroids so frequently grown in cultures of tissues from per- 
sons with Hodgkin’s disease who have not been treated become increas- 
ingly difficult to i-ecover from tissues irradiated by roentgen rays. It 
is not known whether the destruction by irradiation also applies to the 
tubercle bacillus. To avoid this possibility, many tissues that had never 
been irradiated by roentgen rays were used. This apparently had no 
influence on the final result. 

During the examination of smears from diseased tissues stained by 
the Ziehl-Neelsen method a phenomenon was noticed which at first was 
confusing. Acid-fast granules and debris suggestive of degenerated 
bodies of tubercle bacilli were often seen. In sections of these same 
tissues stained by the Cooper method the nature of the acid-fast mate- 
rials became apparent. A restudy of the original smears then supported 
the opinion that they were either granules from eosinophilic leukocytes 
or debris resulting from the destruction of red blood cells. The cyto- 
plasm of the latter was found to be unusually tenacious for the fuchsin 
stain. 

SUMMARY 

Diseased splenic and l 3 onph node tissues from 15 patients with Hodg- 
kin’s disease (lymphogranulomatosis) together Avith control diseased 
tissues from S patients with other lymphomas were investigated (1) for 
the abilit}'- of the diseased tissue to produce tuberculosis in chickens, 
guinea-pigs, rabbits, dogs and mice, (2) for the disease-producing capa- 
city of these tissues as grafts, and (3) for the presence of tubercle bacilli 
or atypical acid-fast bacteria in these same tissues, special cultural 
methods being used. The diseased tissues from the 23 patients were 

25. Ewing, J. ; Neoplastic Diseases, ed. 3, Philadelphia, W. B. Saunders Com- 
panj', 1928, p. 407. 

26. Twort, C. C. : J. Path. & Bact. 33:539, 1930. 

27. Gordon, M. H., in Rose Research on Lymphadenoma, Bristol, John Wnght 
& Sons, Ltd., 1932. 
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injected or transplanted into 199 animals of the species mentioned. An 
additional group of 23 chickens that were not given injections served 
as a control of environmental factors, especially of the occurrence of 
spontaneous tuberculosis. A group of 8 dogs received intracerebral injec- 
tions. The animals were allowed to survive for periods varying from 
nine to thirteen months. The criteria used for the diagiosis of tuber- 
culosis in the animals following injection were: (1) the acquisition of 
a positive reaction to tuberculin, (2) the gross and microscopic morpho- 
logic structure of tuberculous lesions, (3) the presence of stainable 
acid-fast bacilli in suspicious lesions, (4) the growth of acid-fast bacilli 
from such lesions on culture mediums and (5) the production of tuber- 
culosis in animals in passage experiments. 

In the entire group of animals given injections of diseased human 
tissues, tuberculosis occurred in 1 chicken following injection of material 
from a patient with Hodglcin’s disease, 1 guinea-pig following injection 
of tissue from a patient with Hodgkin’s disease, and 1 guinea-pig fol- 
lowing injections of lymphosarcomatous tissue. In the infected chicken 
a spontaneous infection was not ruled out. In passage experiments with 
tissues from these infected animals tuberculosis was again produced. 

Numerous lesions in diseased chickens superficially suggesting tuber- 
culosis were considered nontuberculous because they did not definitely 
satisfy any of the five criteria previously laid down. 

No evidence was found that the diseased human tissues were trans- 
plantable or that they were capable of inducing in animals lesions with 
a similar histologic structure. 

No strains of acid-fast bacteria were grown from these diseased 
human tissues by modern cultural methods. Likewise the occurrence of 
acid-fast forms of bacteria reported to exist as a transient phenomenon 
early in the cultures of these tissites was not confirmed. 

Avian tubercle bacilli detectable by the methods used were appa- 
rently not present in the tissues of the 15 patients with Hodgkin’s 
disease. 



THE PROLIFERATIVE REACTION OF GUINEA-PIG 
SKIN TO SULPHYDRYL AND ITS RELATION 
TO NEOPLASIA 

STANLEY P. REIMANN, M.D. 

AND 

ETHEL RAHE HANKELE, M.D. 

PHILADELPHIA 

Experiments for another purpose involved the application of sulphy- 
dryl compounds to the skin of guinea-pigs. Since no results of a study 
of the skin of guinea-pigs after application of these compounds have 
been published, we record the results of our study. 

PROCEDURE 

Benzyl mercaptan in a concentration of 5 per cent in alcohol was applied three 
times weekly for two weeks to the midscapular region of twelve guinea-pigs. Sec- 
tions of the skin were removed at weekly intervals. The /’-thiocresol in a concen- 
tration of O.S per cent in hydrous wool fat was applied to the same animals three 
times weekly. The hair over the region of application was kept closely cropped. 
Sections of skin were removed, fixed in Sousa’s solution,^ embedded in paraffin, cut 
at 3 microns, and stained with hematox 3 din and eosin and with iron-hematoxylin. 
Sections were taken at intervals of two or three weeks over a period of three 
months. As controls, the skins of untreated guinea-pigs were used. 


RESULTS 


As in rats and mice so in guinea-pigs the skin becomes palpably 
thickened from ten days to two weeks onward. 

The normal skin of guinea-pigs differs from that of mice in the 
direction of slightly more differentiation and organization. The epithe- 
lium is from 2 to 4 cells thick. There is no special regularity except in 
spots. There is no clear, unbroken basement membrane, and few local 
groups of cells with protoplasmic bridges are present. 

As early as after the second application of benzyl mercaptan, 
changes are recognizable. Since they are identical with those occurring 


From the Lankenau Hospital Research Institute. 

This investigation was aided by a grant from a group of trustees of the 
Lankenau Hospital. 

1 Sousa’s solution is made as follows : Boil together distilled water, /OO cc., 
mercuric chloride, 45 Gm., and sodium chloride, 5 Gm. When cool, add 20 per cent 
trichloracetic acid, 100 cc., a diluted solution of formaldehyde L. S. P. 

200 cc., and glacial acetic acid, 25 cc. 

la. Reimann, S. P.: Protoplasma 10:82, 1930. 
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in rat and mouse skins, which were completely described in previous 
communications,- merely a brief resume will be given. 

A clear, unbroken basement membrane appears. The cells of the 
basal layer become oriented vertically and are present as a very definite 
layer. Toward the surface from these there appears a definite layer of 



Fig. 1. — A, control, untrcdted skin of guinca-pig; X 370. B, skin of guinea-pig 
after 5 per cent benzyl mercaptan in alcohol had been applied three times weekly 
for two weeks, then 0.5 per cent />-thiocresol in hydrous wool fat three times 
weekly for three weeks; X 370. 

spinous cells, and beyond them a definite layer of pigmented cells. 
Search of the untreated skin resulted in the discovery of two mitoses over 
a length of about 2 cm. Over the same length in the treated skin there 
were found eight, ten, eleven, nine and fifteen mitoses in as many sec- 

2. Hammett, F. S • Protopla«ma 13 : 331 , 19.31. 



Fig. 2. — A, control, untreated skin of guinea-pig to show hair follicles; X <570. 
B, skin of guinea-pig after 5 per cent benz 3 -l mercaptan in alcohol had been applied 
three times weeklv for two weeks; X 370. 
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tions over a length of about 2 cm. The mitoses, whether in treated or 
untreated skin, were all in the basal layer. 

These changes, as stated, are apparent at the end of two or three 
applications. At the end of from twelve to fifteen applications they 
apparently reach their height and remain in about the same degree for 
the remainder of the three months’ experimental period. 

COMMENT 

The development of any organism, organ or tissue which is accom- 
plished by the multiplication of cells occurs by the route of three 
separate processes occurring in these cells, namely, multiplication, differ- 
entiation and organization. These processes are separate and distinct 
manifestations of the potency of protoplasm. Biologically they serve 
different ends, and one or the other can be thrown out of “gear” 
separately from the others.® On the other hand, they are also related, 
for obviously cells cannot differentiate and organize if they are not 
there, i. e., they must proliferate. Conversely, if they do proliferate, 
they must, in order to develop normally, differentiate and organize in 
tune to the genus, species, individual, oi'gan and tissue in which they are 
present. 

In a previous communication, Hammett,'- analyzing the phenomena 
in the skin of the rat and mouse, concluded that the more rapid the 
proliferation the more rapid the differentiation and organization. In 
addition there emerged the yet more important conclusion that increasing 
the rate of proliferation not only increased the rate of differentiation and 
organization, but also increased their degrees, from which it was con- 
cluded in relation to neoplasia that when cells proliferate at rates 
greater than normal or when more cells are produced than are normal 
for the part, the end-result is not a neoplasm, provided that the potencies 
of the cells, i. e., their internal composition, remain normal. The next 
logical statement in regard to neoplasia is: Neoplastic cells have 
altered potencies of differentiation and organization. 

These bald statements are taken from previous communications ® in 
which results in additional species are recorded. To which are added 
the experimental results from the use not only of sulphydryl but also of 
a partially oxidized derivative, i. e., the sulphur equilibrium, as originally 
described and experiments planned by Hammett and Hammett.® A 

3. Needham, J. : Chemical Embryology, New York, The Macmillan Company, 
1931, vol. 3, p. 1650. 

4. Reimann, S. P.; Am. J. Cancer 15:2149, 1931. 

5. Reimann.4 (a) Hammett, F. S., and Hammett, D. W. : Protoplasma 17: 
321, 1932. (6) Reimann, S. P.: Arch. Path. 15:675, 1933. 

6. Hammett, F. S., and Hammett, D. W. : Protoplasma 15:59, 1932; 16:253, 
1932; 19:161, 1933. Hammett, F. S.: ibid. 19:510, 1933. 
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tentative definition of a neoplasm was attempted on the basis of these 
results. 

Some authors call this internal change of potency of neoplastic cells 
“somatic mutation,” with which we are in agreement if, and provided 
that, a strict definition is given of what is meant by “somatic mutation.” ’’ 
Otherwise biologists must accept that tar, dibenzanthracene, indeed all 
of the chronic irritants in general which cause or are followed by 
cancer are producers of mutation. This they may not be willing to do 
(as 3^et, if ever) in view of the difficulties experienced in producing 
mutations (acceptable to them) by temperature changes, etc., until 
Muller succeeded by means of the x-rays.® 

This being the case, we shall continue to say that neoplastic cells 
have altered potencies of differentiation and organization until later 
agreement is reached as to definitions. Also, for the reasons given in 
a previous paper, which are confirmed by the results in another animal, 
described in this paper, we shall continue to define a neoplasm as fol- 
lows ; It is a mass of cells which arise from and continue to proliferate 
zuithin an organism as a result of and in direct proportion to their 
degree of internal qualitative differences from the other cells of the 
organism zvith respect to the potencies of differentiation and organisa- 
tion particularly 

SUMMARY AND CONCLUSIONS 

Another animal, namely the guinea-pig, has been added to the grow- 
ing list of organisms which have been proved responsive in their rates 
of cell division to the sulphydryl group. As in rats and mice, when the 
sulphydryl group is applied to the skin of guinea-pigs there results an 
increase in the rate of cell division followed secondarily by an increase in 
the degree of cell differentiation and organization. The same implica- 
tions and conclusions both in regard to general biologic principles and 
in regard to neoplasia are again justified from the material in these 
animals. The reader is referred to these papers for further details. 

7. Bauer, K. H. ; Mutationstheorie der Geschwulst-Entstehung, Berlin, Julius 
Springer, 1928. Curtis, M. R.; Dunning, W. F., and Bullock, F. D.: Science 
77:175, 1933; Am. J. Cancer 17:894, 1933. Kostoff, D.: Protoplasma 20:440, 
1933; Editorial, J. A. M. A. 102:214, 1934. 

8. Hanson, F. B. : Ph 3 ^siol. Rev. 13:466, 1933. 



METAMORPHOSIS OF METASTRONGYLUS LARVAE 
AND MESENTERIC LYMPH GLANDS 

M. HOBMAIER, D.V.M. 

SAN FRANCISCO 

Lymph glands have generally been considered to be strongholds 
against infections of any kind. No parasite was known to breed exclu- 
sively in these glands at any point of its life c3He. Recently it has 
been found, however, that this theory does not apply to Metastrongy- 
lus.^“’ Its metamorphosis from larvae of the infestive stage into 
sexual larvae takes place exclusively in the mesenteric lymph glands. 

This invasion is, of course, destructive to the involved glands in 
varying degrees according to the numbers of migrating parasites. The 
cases here presented are the result of extremely heavy infestations under 
the experimental conditions previously described.^" A similar behavior 
has been found in other lungworms, as for instance in Dictyocaulus of 
sheep.^*^ Metastrongylus, however, was selected for these studies owing 
to the peculiar structure of the lymphatic glands of swine which enables 
the worker to locate the migrating larvae in a manner not possible in 
the glands of sheep or any other domestic animal. The trabeculae in 
the lymph glands of swine are highly developed, forming extensive 
layers of connective tissue between the follicles. Furthermore, they 
enclose broad lymph vessels which are discharged into the lymph sinus, - 
a fact essential in the course of the present investigation. 

Since it was found that the infestive stage of Metastrongylus devel- 
ops in an intermediate host,^ it was possible to approach a solution of 
the much discussed problem of the development of lungworms in the 
vertebrate host. 

Histologic studies soon revealed lesions, connected with the migrat- 
ing nematodes, on the wall of the intestine. Inconspicuous infiltrations 
of eosinophilic blood cells have been encountered in the stroma of the 
villi, in the mucosa, in the submucosa, rarely in the muscularis around 
vessels and even in the subserosa. They were, however, more numerous 

From the Hooper Foundation for Medical Research, University of California. 

1. (a) Hobmaier, A., and Hobmaier, M. : Munchen. tierarztl. Wchnschr. 
80:365, 1929; (6) 80:433, 1929; (c) 80:621, 1929. 

2. Trautmann, A.; Ztschr. f. Anat. u. Entwcklngsgesch. 78:733, 1926. 

3. Hobmaier, A., and Hobmaier, M. ; von Schuckmann, W., and Zunker, M. : 
Ztschr. f. Infektionskr. 38:353, 1930. Schwartz, B., and Alicata, J. E. : Para- 
sitolog>' 18:21, 1931. 
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in the region of the colon and cecum than in other parts of the intestine. 
Scattered cells of that type or aggregations of them have been observed 
in those regions. Furthermore, the local eosinophilic infiltration was 
strongly marked on the mesentery in the vicinity of lymphatic vessels 
between the intestine and lymph glands. 

Practically every l3nnph gland of the intestine has been found 
invaded by the nematodes, owing to the extremely large numbers of 
larvae administered to the animals. The larvae, however, varied greatly 
in number in different sections of the intestine. They were most fre- 
quently found in the lymph glands of the colon and cecum and in those 
of their vicinity. Their numbers decreased steadily toward the rectum 
and toward the stomach. No larvae could be detected in anj^ h'mph 
gland not directly connected with the digestive tract. 

So far as pathologic changes are concerned, two phases may be 
distinguished. The acute stage lasts about six days, beginning with the 
invasion of the glands by the migrating larvae and ending with their 
emigration. The chronic phase or stage of reparation, on the other 
hand, is to be noted following their emigration. 

During the first period the involved glands appear enlarged. The}'^ 
present a spherical or finger-like shape. The capsule is extended. No 
hemorrhages of any significance are visible. On sections of the glands 
the tissue is seen protruding and rich in fluid. 

Histologic investigations showed the larvae accumulated in the 
lymphatics of the trabeculae. It seems that ordinarily the larvae of 
Metastrongylus do not enter the marginal sinus before they have grown 
into the sexual stages. The pictures favor the belief that most of the 
infestive larvae are arrested in the lymphatics of the trabeculae where 
the larger lymphatics lose width near the marginal sinus. In other 
words, an embolization takes place. As soon, however, as the larvae 
have grown from the infestive into the sexual stages, an exsheathment 
follows, a:id they continue their way into the marginal sinus and from 
there pass in the prescribed way of the lymphatics until they become 
finally arrested for a second time by embolization in the capillaries of 
the pulmonary artery. It need hardly be mentioned that studies on 
structural features of the larvae require fresh preparations ; meanwhile, 
histologic investigations are required in topographic studies concerning 
the exact localizations of the larvae. Feeding of a large number of 
larvae makes it easy to recover many of them in lymphatics of the 
trabeculae. The disadvantage of this method, however, is that the ana- 
tomic structure of the glands may become endangered and as a conse- 
quence at least some of the larvae may take an abnormal route of 

migration. 
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The lumens of the invaded lymphatic vessels appear distended. The 
larvae may be found curled up in the vessels, varying greatly in num- 
bers (fig. A). No peculiar reaction takes place at this time so far as 
the walls of these vessels are concerned. Only a few lymphocytes and 
some eosinophils may be found between and near the larvae. A paucity 
of coagulated plasma may be seen occasionally. Some of the larvae 
show different stages of molting. The trabeculae themselves appeal- 
enlarged. Their normal structure is supplanted by a reticulum of angio- 
blasts and fibroblasts presenting the picture of a young granulating con- 
nective tissue. Eosinophilia is present throughout the trabeculae. Most 
frequently the lymph vessels are surrounded by these cells. Occasionally 
ecdysis may be observed on larvae enclosed in lymph vessels bordering 
the lymph sinus. It seems that the wall of the vessel attenuated by the 
pressure of the growing larva bursts under the stronger movements of 
the exsheathed larva, dismissing it into the marginal sinus (fig. B). 

No eosinophilia is seen in the lymph nodes. Their center is often 
poor in lymiphocytes. Their peripheral region borders without sharp 
lines the marginal sinus. The latter presents the usual picture of 
sinusal catarrh. Its reticulum is completely filled with a superfluity of 
lymiphocytes and eosinophils. In several places sections of well devel- 
oped (sexual) larvae may be found. Occasionally small foci, consisting 
of the remnants of a nematode larva svu'rovmded by a mass of eosino- 
phils and lymphocytes, have been encountered. 

During the second phase, the period after the larvae have left the 
lymph glands, a reparation of the disintegrated tissues may be seen in 
progress. Macroscopically the glands are still larger than usual. How- 
ever, they now appear harder than normal glands and more strongly 
attached to the surrounding tissue. 

The microscopic pictures of the affected glands vary greatly iii dif- 
ferent sections. In some places the normal structure is completely lost ; 
in other parts there is little alteration beside the eosinophilic infiltration. 
The great variety of the microscopic aspect due to the migrating larvae 
may be easily understood, considering the irritation of the connective 
tissue with its vessels which are present in the trabeculae and in the 
stroma of the glands. As often seen in pathologic changes, the response 
to the injury is not confined to a limited and what seems to be an ade- 
quate reparation, but an excessive granulation precedes the definite 
repair. An abundance of vascularization generally produces an abund- 
ance of granulation. These conditions are fulfilled to a high degree 
in the lymph glands. Consequently the reaction to trauma is strong 
in these glands. 

The angioblasts and the fibroblasts of the trabeculae grow into the 
marginal sinus, disregarding the anatomic border lines. The lymphatic 



Mesenteric lymph gland showing Metastrongylus larvae. A, a mesenteric lymph 
gland. Two lymphatics are visible in the trabecula. The lymphatic vessel above 
contains a longitudinal section of a Metastrongylus larva. In addition to that, a 
small amount of coagulated plasma is visible. The lymphatic vessel below shows 
extreme dilatation. The trabecula itself is attenuated in its vicinity. The wall of 
the vessel is readj’- to open into the marginal sinus. The lumen of the vessel is 
filled with segments of the larvae embedded in coagulated plasma intermingled 
with eosinophils. B, the lower part of the trabecula is attenuated. A number of 
longitudinal and transverse sections of Metastrongylus larvae may be seen in the 
lymphatic vessel. The wall bordering the marginal sinus is ruptured, and the 
larvae are about to invade this region. In the upper right corner of the marginal 
sinus a longitudinal section of a sexual larva already liberated is visible. C, 
enlarged trabecula consisting chiefly of angioblasts and fibroblasts intermingled 
with eosinophils The wall of the lymphatic vessel in its middle shows an 
eosinophilic infiltration and the early repair of the wall following the emigration 
of the larvae. A longitudinal section of a newly liberated sexual larva of Meta- 
strongylus may be seen in the marginal sinus below. 
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cells, on the other hand, in 
tissue. The hinph nodes 


vade the spaces left benveen the granulating 
stimulated to high zctivity discharge large 


quantities of h'mphotr.'tes into the environment, thus ovemov.mg the 
region of the marginal sinus and disarranging the entire structure of 
the i',Tnphatic gland. Under these drcumstances the trabeculae are 


sometimes reduced to a fevr angioblasts and iibroblasts : sometimes they 


appear considerably enlarged and merge indistincthr into the nearby 


In other parts of the glands the normal structure may be easih' 
recognized. The trabeculae may be seen rebuilding tneir fibrous struc- 
ture. The border lines betvteen htrrph nodes and trabeculae may be 
clearly marked. The hnnph sinus may present the norma! appearance. 
In other cases, many capillaries are seen crossing this interspace, accom- 
panied in places by strains of connective tissue. A paudtj' of hunpho- 
cvtes is apparent only in the meshes left beuveen the capillaries and the 
connective tissue. It is notevrorthy that the eosinophilia still endures 
in the course of these changes. 

Small quantities of coagulated plasma may sometimes be found in 
lymphatic vessels invaded by larvae. These small thrombi finally become 
organized vrith a limited number of IjTnphocjues, vrhite blood cells and 
eosinophils. They seemingly immigrate through the tvall of the aiiected 
vessels involving this part of the vrall in the process of reparation, as 
shovm in figure C. 

It is generally Imovtn that young svrine are more readily aiiected b}' 
iungv.'orm disease than older ones. The normal anatomic and the patho- 
logic changes in the tissues of the host during life, and espedalh' the 
changes taldng place in mesenteric hunphatic glands, may be at least 
partially responsible for the higher resistance, rather than biologic proc- 
esses of irnmunin-. 

Since the discovery- of Stevrart concerning the migration of Ascaris 
in blood vessels it has been suspected that lanrae of lungivorms may act 
in a similar v/ay. In accordance vrith that theory the migrating iar-.-ae 
’.vould be found passing through the liver. The tissues of the lungs, on 
the other hand, vrould shovr. besides exsheathed lan-ae of the xnfestive 
stage, ensheathed sexual larvae during the first days after infection. 

Z\o macroscopic changes could be observ'ed in the li'ver. Large areas 
ot the liver have been invesrigated microscopically in fresh preparations, 
but vnthout success. 3.Iicroscopic slides of fixed material talren from 
about one hundred different points showed changes due to a nematode's 
having recently migrated in the tissue in three specimens only. The 
larvae themselves, already in a state of decomposition, were situated on 
the peripheiy' oi the lo'nules. A small accumulation of round cells and 
eosinophils surrounded the dead nematodes. The same cells were found 
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in the vicinity and especially in the nearby interlobular connective tissue. 
It was, of course, not possible to determine whether these larvae were 
originally a part of the larvae fed to the animal, though it is probable. 
If this is true, their peripheral localization appears to indicate that the 
larvae were already too large to pass through the capillaries of the liver. 

Investigations of similar material conducted one and two months 
later still showed a local eosinophilic infiltration, where larvae had previ- 
ously perished. No production of fibrous tissue in any considerable 
amount had taken jdace. No macroscopic changes were seen. There is 
apparently no connection between lungworm disease and parasitic inter- 
stitial hepatitis in swine as claimed by different workers. 

An extended search in the lungs during the time of immigration 
resulted in the detection of a few exsheathed larvae of the infestive 
stage. No ensheathed larvae of the sexual forms could ever be found, 
but exsheathed sexual larvae were present in exceedingly large numbers. 
No molting larvae were found in the lungs, but it was possible to observe 
on fixed material a few tubercles embedded in the region of the alveoli. 
They consisted of the debris of a minute nematode larva. An aggrega- 
tion of round cells, eosinophils and of one or two giant cells surrounded 
them. These tubercles may have been the product of a biologic reaction 
against erratic infestive larvae, which were apparently not yet sufficiently 
developed to live and to grow in this environment. 

CONCLUSION 

The present study corroborates the previous statement of A. Hob- 
maier and myself that the infestive larvae of Metastrongylus must 
invade the mesenteric lymphatic glands of the vertebrate host to grow 
there into sexual larvae and that they do not enter the tributaries of the 
portal vein as a part of their regular life cycle. 

The pathologic changes observed in the invaded lymph glands may 
be explained as the result of the trauma inflicted by the embolization of 
the larvae into the lymphatics, by the dilatation and occlusion of these 
vessels during the development of sexual larvae, and by the disarrange- 
ment of anatomic structures caused by their emigration. 



AN ANALYSIS OF CORONER'S STATISTICS FROM 
COOK COUNTY (CHICAGO), ILLINOIS 


WITH A PATHOLOGIC REVIEW OF THE CAUSES OF DEATH 
HAMILTON R. FISHBACK 

CHICAGO 

INTRODUCTION 

The present study is a statistical survey of all deaths investigated 
and passed on hy the coi'oner’s staff of Cook County, 111., within the 
four years of a single term of office, from November, 1928, to 
November, 1932. 

The question of the coroner system versus the medical examiner 
system is outside the scope of this study, but significant references 
follow.^ 

This period was taken as representing exceptional conditions for 
efficient functioning of the coroner’s medical personnel. It was felt 
that under such conditions the general trend of the statistical data of 
the coroner’s system is similar to that of a more ideal system. 

The coroner’s physicians were chosen from a group qualified by 
previous pathologic training. They were selected by an advisory board 
appointed by the coroner, composed of professors of pathology of the 
four major medical schools of Chicago. This method of selection secured 
physicians who were not only adequately trained but free from political 
influence and demands. Furthermore, the wide experience of the 
advisory board was made freely available in the organization of field 
work and in the solution of pathologic and medicolegal problems. 

The importance of an efficient unit of trained examining physicians 
as an aid to the state in deaths involving medicolegal questions needs 
no further statement here. However, it is felt that there is need of 
statistical analysis of the mass of death records piled up by the coroner’s 
service. In such analysis various broad relationships are involved since 
the coroner’s work integrates with numerous other departments and 
agencies of the body politic. Some of these relationships will be briefly 
mentioned here as indicating the scope of the work. 

From the Department of Pathology of Northwestern University Aledical 
School. 

1. Schultz, O. T., and Morgan, E. IM. : The Coroner and the Medical 
Examiner, National Research Council Bulletin No. 64, Washington, D. C., 1928. 
Martland, H. S.: Proc. Inst. Aled. Chicago S:261, 1933. 
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The primary growth of the coroner’s function related to questions 
of criminal acts in individual deaths, and such investigations are still 
perhaps the most widely known of his activities. In this capacity the 
coroner’s pl^sician is required to furnish to the state’s attorney all 
immediate material evidence of crime, as well as an opinion as to the 
determining cause of death and the associated pathologico-anatomic 
findings in the dead body. Present day trends of crime soon bring 
this activity into relation with gangism, robbery and criminal abortion, 
to mention some of the crime ramifications. 

The coroner at present reviews and certifies all deaths which are not 
due to so-called natural causes, and so furnishes to the health depart- 
ment a rapidly growing mass of statistics on deaths related to external 
traumas. His investigation of circumstances leading to accidental 
deaths of workingmen gives information to the state industrial depart- 
ment valuable in formulating preventive safety measures and in 
determining compensable injuries. Public safety organizations like- 
wise find in his work material support for measures and public edu- 
cation looking to the prevention of accidents. Insurance companies 
have a rich fund of information provided by the coroner on which to 
shape policies in regard to industrial injuries or transportation acci- 
dents, accidental poisonings and suicides, for example. 

In addition, since various previously existent or intercurrent illnesses 
and physical disabilities may play a significant role in the outcome of 
injuries an analysis of mass data revealing the importance of these 
and their mode of action will be valuable to practicing physicians and 
to pathologists. 

In all of the aforementioned relationships of the services performed 
by the coroner’s physicians, it may be added, perhaps unnecessarily, 
that the value of the coroner’s information depends on the type of 
pathologic investigation done. 


GENERAL STATISTICAL SURVEY 

The total number of deaths investigated by the coroner’s physicians 
in the four year period, 22,206, represents 13 per cent of the total 
number of deaths in the area. A large proportion of them occurred 
within the city of Chicago, and of the city’s total number of deaths 
they comprised 15.5 per cent. Previously the number of coroner’s 
cases had been much higher, reaching 8,374 in 1926, for example, or 
20 per cent of the total number of deaths in the county. The reduction 
in numbers was brought about by certain changes in the rules for accep- 
tance of cases. Among these was the abatement of a rule requiring 
report to the coroner of any death occurring in a hospital within twenty- 
four hours after the patient’s admittance. Another was the refusal to 
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labor, other phj^sical activity with exposure to injur}'-, drunkenness, 
suicide and homicide. 

■Affe . — Such risks among- others are operative over the greater part of 
the life span, with a resultant increase of mortality. Beginning at the 
age of 10 the proportion of males to females in successive decades was 
roughly 3: 1, 2; 1, 3.5; 1, 5: 1, 4; 1, 3: 1 and 2; 1. This difference was 
decreased at the extremes of life, as might be expected. 

Deaths of children under 5 3 'ears of age numbered 925. A large 
number of these were due to some type of asphyxiation, such as that 
from smothering, from aspiration of a foreign body or from a respira- 
tory infection. A large number were due to falls. In deaths due to 
falls or to accidents of transportation fracture of the skull was the 
common finding. Two factors are probably operative in this injury. 
One is the lack of protection afforded by a weak general musculature 
and the other is the ratio of the weight of the head to that of the body. 
The weight of the head is 27 per cent of that of the body at birth, 
decreasing to 16 per cent at 5 years of age, while in the adult it is 
7 per cent. Another important cause of death in this group was burns, 
most frequently from hot water, coffee, tea or soup. 

In the group of advanced age, with 554 deaths in those more than 
80 years old, cardiovascular mishaps were responsible for the largest 
number of deaths. Cardiac failure on a myocardial or coronary basis 
was the most frequent cause, with spontaneous hemorrhage, thrombosis 
and embolism next. A second very frequent cause of death in the aged 
group was injury sustained in a fall, often accompanied by fracture of 
bones and quite commonly terminating in bronchopneumonia. 

Fetuses numbered 355. These represented largely calls to the police 
who picked them up and took them to the morgue. It is very possible 
that this number is a wholly inadequate measure of the total number of 
dead fetuses. Those reported varied from very early fetuses to fully 
matured infants at term. Evidence of malformation or disease of the 
infants or membranes was quite rare. The suspicion must remain 
strong that an abortion carried through without medical attendance and 
with surreptitious disposal of the products of conception savors of crimi- 
nal practice. The full-term infants gave mute evidence of all forms of 
taking of life and, often, attempted destruction of the body. Hemor- 
rhage from the cut, untied cord, choking, smothering and blows on the 
head were the most frequent means used to kill. 

Little comment is ever made on this taking of life, and it certainly 
offers problems difficult to solve. It is likely this difficulty which 
governs the lack of legal investigation into most of such cases, which 
are quite largely cases of either murder or manslaughter. 



FISHBACK— CAUSES OF DEATH IN COOK COUNTY 779 


Race . — The chief racial elements found in the population are the 
Caucasian and the Xegro. Ot these the white persons made up 89 per 
cent and the black 11 per cent of the coroner's deaths. Only occasional 
deaths of persons of other races appeared. The 5 'ellow race had a list 
of 44 cases. The Xegro population of the area is 250,000 in a total 
of 4,000,000, or about 6 per cent. It is seen that deaths in the Xegro 
population appeared as coroner’s cases in a somewhat higher ratio than 
deaths of the whites. As to location, practically all of the bodies of 
Xegroes were found in colored districts or at the morgue. 

Length of History . — The majorit}* of cases showed, as expected, a 
short duration of time from the onset of trouble to death; in 17,401 
there was a histor}’ of less than tn-enty-four hours. A large share of the 
deaths, then, were of emergenc}' nature. Of cases with a histor}' of 
from one to fourteen days there were 3.049. Of those ndth a historj- 
of from two to eight weeks there were 761. and of those v/ith a histor}- 
of from two to t^velve months there were 427, while in 213 cases the 
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victim lived one year or more. Mam* things militate against large 
numbers in the later brackets, chief of which is the fact that a disorder 
lasting an}' considerable length of time is usually entrusted to a phy- 
sician’s care and thus noninjury cases are weeded out. The cases mth 
longer histoiy* were usually claimed to have some association with injuiy-, 
although this association often became less definite with time. 

Tijne of Year . — ^This question was reviewed to find if any seasonal 
influence might produce a marked variation of the number of cases. 
The total ninnbers b}' months as given in the table show no consistent 
influence exerted by the time of year. The large number of factors 
which produce coroner’s deaths seem to equalize the total numbers of 
cases so that an}' seasonal difference is absorbed. 

OPERATIOX OF COROXER SYSTEM 

Places of Investigation . — Ordinarily only certain criminal cases or 
cases suspected of being criminal require the viewing of the body by 
a coroner’s physician before it is moved. Quite frequently in such 
cases, also, when death is not instantaneous the victim is rushed by 
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police ambulance to a hospital. If the patient is dead on arrival or 
before admittance to the hospital, the body is taken to the nearest under- 
taker or to any other requested by a relative. Undertakers also receive 
bodies in cases of sudden death on the street or in public buildings. 
In addition, on permission from the coroner’s office a large number of 
bodies are removed by undertakers from hospitals _ and homes before 
they are seen by the coroner’s physician. 

Undertakers’ Morgues : The majority of cases, then, are investigated 
at undertakers’ morgues. The difficulties inherent in this situation have 
been discussed by others.- Of the total of 22,206 cases for the period, 
12,927, or 58.2 per cent, were examined in undertakers’ morgues. Of 
these, 2,414 were given pathologic investigation, the number of autopsies 
constituting 39.4 per cent of the total number of autopsies. Autopsy 
was made in 18.7 per cent of cases investigated at undertakers’ morgues. 

Coroner’s Morgue : The coroner’s morgue receives bodies from the 
county hospital in coroner’s cases in which the victims were admitted 
before death, and from the hospital at the city jail. Also unknown 
and unclaimed bodies from various other places are received. These 
cases are investigated entirely by one coroner’s physician assigned to 
work in the morgue for a given period. 

The total number of cases handled at the county morgue was 5,240. 
This represents nearly one fourth of the total number of coroner’s cases. 
In 2,799 of these autopsies were made, or in 53.4 per cent." Also there 
were brought to the morgue 355 fetuses. 

The advantages inherent in such a central workshop as the county 
morgue are numerous. Reliable information is obtained before death 
in most of the cases, and often from the living patient in the hospital. 
The relationship of previous diseases to the present trauma as the cause 
of death can be better evaluated with historical and clinical data available. 
As to the work itself the facilities of an organized morgue are offered. 

This working arrangement is reflected in the number of complete 
investigations, accompanied by autopsies, performed at the morgue — 
2,799 on 5,240 bodies as compared with 3,329 on 16,966 outside bodies. 
The percentage of autopsies at the morgue thus reaches 53.4 as com- 
pared with 19.6 outside. 

Conditions at the county morgue, however, furnish but few of the 
advantages which might arise from a central pathologic institute hous- 
ing a general morgue to take care of all coroner’s cases, with provision 
for pathologic or other medical scientific research under the direction 
of a permanent full-time pathologist. At present the work at the 
morgue is necessarily limited to a routine handling of individual cases 
as they are presented. 

2. Chandler, A. H.: Boston U. & S. J. 194:728. 1926. 
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Hospitals : The remainder of the cases, numbering 3,684, or 16.6 per 
cent of the total, were taken care of mostty in scattered hospitals with 
a few at private homes. Among these cases there were 915 autopsies, 
the percentage being 24.8. This work is done under field conditions 
with many influences in action rendering investigation less satisfactory, 
from the standpoint of the coroner’s physician, than in the morgue. 
Wliile a larger proportion of this group than of that found at the 
county hospital is of tlie accident-with-sudden-death type, this larger 
proportion is not enough to account for the fact that the percentage 
of autopsies is less than half that at the county morgue. 

Disposal of Cases. — ^Rejections: It is left somewhat to the discre- 
tion of the coroner’s physician as to what disposal is made of the cases 
assigned to him. If he finds nothing in the circumstances to warrant 
proceeding further with a given case it may be rejected and no record of 
the case filed. With intelligent selection at the central office these cases 
are few. 

External Examinations: The larger proportion of cases receive 
only “viewing,” or external examination of the body and sometimes the 
surroundings, clothing or other externals to establish identit}”^ and per- 
haps evidences of external injury. Such external physical findings are 
considered together with the histor}- in determining the cause of death. 
These cases numbered 16,078, or 72.4 per cent of the total. 

Much objection may be raised against the polic}’- involved in certi- 
fying causes of death without certainty as to the final pathologic condi- 
tion. An)’’ one who has been engaged in medical work on coroner’s 
cases recognizes the type of apparently simple case of death from natural 
causes which is much complicated later by the uncovering of informa- 
tion wliich should have been proved by autopsy in the beginning. It is 
stated legally to be the duty of the coroner or his deputy to take charge 
of the body assigned to him by law and by his investigations to deter- 
mine the cause of death. The intent of the law seems clearly shown, 
but its operation is vitiated by certain interpretations and restrictions, 
such as that limiting autopsy to cases of death from known or strongly 
supposed external causes. 

Autopsies : A full autopsy would appear to be the only means of 
certifying the cause of death, certainly in most coroner’s cases. One 
might exclude from this requirement cases wliich have had competent 
clinical investigation with a satisfactor)'^ determined pathologic cause of 
death. Even here, however, there may be interpretative errors clinically ® 
with the best of conditions and experience. When this basic require- 
ment for accuracy is sacrificed politically to various interested parties 
the medical certification of cause of death is stultified to that extent. 


3. Cabot, R. C.: J. A. AI. A. 59:2295, 1912. 
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The cases in which autopsies were made, 6,128, comprised 27.9 per 
cent of the total number of cases. Of the autopsies, 4,389 were held 
in cases of death from external trauma, or in 26.4 per cent of such 
deaths, and 1,739 in cases of death from disease, or in 30.9 per cent of 
such deaths. 

Certifications: Every case investigated must be either signed out 
by death certificate or referred to the central office for an inquest. The 
investigative function of the physician ends with determining the cause 
and as much as possible of the manner of death. If this seems to 
involve no legal liability, the coroner’s physician is allowed to dispose of 
the case directly by signing a death certificate. In the period under 
consideration 5,628 cases, or about one fourth of the total number, were 
so handled. 

Most of the cases with natural causes of death fall into this category, 
although if any suspicious circumstance exists or is declared concerning 
such a cause of death, inquest may be demanded. 

Inquests ; All other cases, 16,223, were completed by coroner’s 
inquest. In such instances, the final determinative circumstances of 
death, if found, are passed on by a coroner’s jury, whose verdict may 
close the case unless further legal action is indicated by some agency 
other than the coi'oner’s office. 

The latitude allowed the physician in choosing between the certificate 
and the inquest in the disposal of a case is determined by the policy of 
the coroner in office. It certainly would be much more economical as 
well as helpful in securing uniformity of policy if the type of case 
demanding the deliberations of a coroner’s jury were more strictly 
defined. 

INJURIES AS CAUSES OF DEATH 

All causes of death in coroner’s cases have been considered under 
the general headings of injury and sickness. When injury and sick- 
ness were intercurrent, the primary cause of death as indicated by the 
report of the coroner’s phj^sician has been followed. 

The general rule is that any death preceded by an external injury 
shall be reported to the coroner’s office. In application this includes 
any death following a recent injury of serious extent, and any death 
following an old injurj’- if there is a supposed causal relationship. The 
trauma may arise in any manner or from any agency. 

Accidents . — ^Accidental deaths naturally make up the larger share 
of the deaths that concern the coroner, and their number must increase 
with the complexity of a mechanized civilization. For convenience they 
are divided into three groups. 

1. Industrial accidents resulting in death reported to the coroner 
numbered 610 for the four years. This remarkably low average of 
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153 deaths per annum reflects the modern evolution of safety devices 
and of “safety consciousness” in both employer and worker. The 
proportion of men to women killed was that of 100:1, which also 
indicates the average employment ratio of the sexes in hazardous 
occupations. 

The coroner’s usefulness in industrial cases depends on an immedi- 
ate impartial review of the manner of the accident and a determination 
of the complete cause of death by the coroner’s physician. The 
determined circumstances of death furnish data for safety recommenda- 
tions, as well as information which may or may not support claims of 
dependents for compensation. Closer cooperation between the depart- 
ment of labor and the coroner’s office than now exists seems therefore 
to be desirable in the study of the problems offered in industrial deaths. 

Coroner’s physicians at present may be employed by either party in 
a suit before the state compensation board as expert witnesses in the 
coroner’s cases which have been assigned to them since, as county 
employees, they owe no special duty to the state compensation board. 
Further, the compensation board has no power of determining the cause 
of death in any case at issue other than by records or witnesses available. 
If industrial deaths were regarded as deaths in which autopsy is 
mandatory, complete data as to the cause of death could be had for 
record, thus wiping out frequently long argument and pure speculation. 

2. Deaths from accidents of transportation numbered 10,768, or 
very nearly one half of all the coroner’s deaths. The average of 2,692 
deaths each year was 8 per cent of all deaths from whatever cause. 
This tremendous sacrifice of human life has been the subject of much 
writing and of some serious thinking. However, during the stage of 
development of rapid road transportation the toll of lives increased. It 
seems to have reached a peak and for some time has remained nearly 
stationary. The figures for the four consecutive years in question are 
2,627, 2,794, 2,826 and 2,521. However, if the road development and 
present mechanical safety devices are again rendered inefficient by 
demands for increased speed the numbers of deaths may again increase. 

The automobile gave by far the larger number of deaths, with 
7 ,653 deaths directly charged to it and 745 more charged to it and to 
some other agency jointly. Railroads claimed 1,609 lives, but very 
few of passengers; quite a few of these lives were those of railway 
employees, but the greater proportion were exacted of persons not 
included in either of these groups. Street cars killed directly 393. 
Various other means of transportation added a few more deaths to 
the list. 

3. In the group of deaths from miscellaneous accidents only those 
causes are considered here which piled up considerable numbers of 
fatalities. 
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Burns were responsible for 640 deaths, of which 409 occurred in 
adults and 231 in children. As noted before of children’s deaths, those 
of infants were caused mostly by their being burned by hot liquids, and 
those of children 5 years of age or older, mostly by fire igniting their 
clothing. Fatal burns of adults were generally by fire. Several deaths 
occurred from igniting the bedclothes with cigarets but usually in per- 
sons who were known to be or who probably were addicted to over- 
consumption of alcohol. The history of alcoholism was so general 
that it would appear to be a definite hazard for a drunken cigaret 
habitue to be put to bed with cigarets and matches within reach. 

Of asphyxial deaths (aside from suicides), numbering 470, a large 
share was caused by illuminating gas at home. A portion of the 
public does not yet realize the possible danger of a gas-burner attached 
by a temporary, often leaky connection such as a rubber hose, or the 
danger of a gas-heater, especially a stove, in a small unventilated room. 
Quite a few deaths from gas occurred as a result of going to sleep in a 
closed room with water or other liquid heating over a gas flame. When 
the liquid boiled over the fire was extinguished but the gas continued to 
escape. 

Illuminating gas is a highly complex mixture the properties of which 
are imperfectly understood b}'- the average consumer. This ignorance 
should be assumed to be in effect by the supply companies and a warn- 
ing as to the common dangerous errors in the use of gas posted in 
every gas user’s home. The supply companies should be required to 
post such warnings. 

It is probable that many suicides by gas are called accidental because 
of lack of proof or other reasons. This is especially true of suicides 
b}'- motor exhaust gas, which ran second among causes of deaths from 
accidental asphyxia. 

Deaths from drowning, aside from suicides, are divided into two 
groups : those determined to be accidental, 368, and those in which the 
circumstances remained undetermined, 345, or a total of 713. 

It is significant, from a legal standpoint, that in nearly half of the 
cases of drowning the circumstances remained undetermined. It is 
true that they offer some of the most puzzling of medicolegal problems. 
Many drowned persons are picked up floating after an indefinite time 
in the water, often in an advanced state of decomposition and com- 
monly devoid of ordinary identification marks. Ruling out foul play 
may be difficult^ and decision as to accident or suicide impossible. A 
very accurate chemical method has been devised ° to determine whether 
death occurred by drowning or not. In this regard, the question of 

4. Buetz, G.: Deutsche Ztschr. f. d. ges. gerichtl. Aled. 18:557, 1932. 

5. Gettler, A. O.: J. A. M. A. 77:1650, 1921. 
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mode of death in drowning arises again. This was investigated recent!}^ 
in animals,® with the finding that considerable amounts of water entered 
the lungs. In human beings, with different tj^pes of reflexes, however, 
death in drowning may not always result from the entry of water into 
the lungs. 

Accidental falls causing death occurred in almost every conceivable 
manner, some of them being rather trivial in nature. The most of them 
were included in falls on the floor, 178 cases, and falls from high 
places, 433 cases. 

The falls on the floor included all simple falls from the standing or 
sitting posture to the level of the feet. Death was caused from fractured 
skull or ruptured viscus, or late from pulmonary embolism or broncho- 
pneumonia or other infections. The last named condition resulted in 
death in old people, for whom especiall}^ falls have much danger. 
Generally death from a minor fall presupposed some added hazardous 
factor such as age, weakness, sickness, drunkenness or striking against 
some projecting solid bod3c 

The falls from high places again bring up the question of possible 
suicide in many instances. This group probably is larger than it should 
be, since all unproved cases, even though the question as to possible 
suicide may have been present, were classed as accidental. 

Falls from hospital windows were responsible for 14 deaths. While 
this included the inevitable number of disoriented persons who eluded 
all restrictions, yet there was a marked proportion of patients with 
incurable maladies, such as malignant tumor, who chose this wa)’' out of 
their difficulties. Since the hospital assumes a certain responsibility for 
its patients, and since there is no way of knowing which patient may 
be seized by an impulse to hurl himself out of the window, it would 
seem much safer to pro\4de some protective device at the .windows. 
Yet the new hospitals which are built consistently ignore this feature 
of safety for the patients and freedom from legal attack for themselves. 

Rupture of a single viscus from external trauma, aside from that 
caused by a penetrating wound, was found as the cause in 116 deaths. 
Most of these occurred from violent force such as results from falls 
or from the impact of a car or other heayj’- object, and so were generally 
associated with more or less shock. Several instances were found, how- 
ever, of rupture of the liver or of the spleen in othenvise relatively 
minor accidents. Such a complication may be discovered easil}^ if the 
patient is under supervision in a hospital, but most of these who died 
from this cause did not have such favorable care. 

There were 6 instances of rupture of the small intestine, and in 2 of 
these the intestine was completely severed. A case which I obsen^ed may 


6. Karpovich, P. V.: Arch. Path. 15:828, 1933. 
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be cited as an example. A young man, struck in the back by an 
automobile and knocked down, walked several city blocks to his home, 
complaining only of pain in the back. Twelve hours later he suffered 
from abdominal pain, which was treated by a heavy dose of magnesium 
sulphate. This was repeated and the man died at home on the third 
day with no further care. Autopsy revealed generalized peritonitis. 
The ileum was completely severed at its midportion, as sharply as if 
cut by a knife. No trauma was found on dissecting the muscles of 
the back. 

Suicides . — The tendency toward suicide is one of serious social con- 
cern in the present phase of evolution. The number of lives lost is 
considerable, but this is outweighed by the social-economic significance 
of the suicidal act itself. Each misfit or failure who sentences himself 
to death is thus voicing judgment against intolerable liwng conditions. 
So one might expect any sudden marked increase in the general stress 
of living to take its toll of those unable to adjust themselves to its 
demands. The association of suicides with economic crises is the most 
frequently cited illustration of this phenomenon. Suicides for this four 
year period numbered 2,723, which represents an average rate of 17 per 
hundred thousand. In the four years the rates ran successively 15.8, 
17.3, 18.3 and 16.7. 

On analysis of the cases of suicide there are found 2,138 males and 
585 females, a proportion of almost 4:1, somewhat higher than most 
of the rates given. The white race accounted for almost all of the 
suicides, 2,607 cases; only 102 cases were contributed by the colored 
race. The remaining 14 cases occurred in r^arious other races. This 
disproportionately high number of suicides of whites is in line with other 
published reports. The colored race seems to react very little to the 
depressing influences that promote suicidal attempts. As to the social 
condition of those who committed suicide, 1,542 were married, giving 
a suicide rate of 21.7; 608 were single, giving a rate of 15.9, and the 
remaining 573 were widowed or divorced, the rate reaching the high 
figure of 54.2. A recent report from New York City ® likewise indi- 
cates rates for the latter class of persons much higher than those for 
single and married persons. 

Of the methods used for committing suicide, shooting accounted for 
802, considerably more than can be ascribed to any other means of 
self-destruction. Poisoning with 496 cases, hanging and strangulation 
with 494 and asphyxiation with 461 each accounted for about the 
same number. At a considerably lower level of numbers were those 

7. Hoffman, F. L.: Suicide Problems, Newark, N. J., Prudential Insurance 
Company of America, 1927, (a) p. 249, (b) p. 15. 

8. Hoffman, F. L. : Spectator, June 8, 1933. 
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who ended their lives b}^ jumping from high places, 168, by cutting or 
stabbing themselves, 158, and by drowning, 116. 

It is to be noted that the ratios of deaths by these various means 
are considerably different from those reported in late years from New 
York City.® In these reports illuminating gas has come to the fore 
as a ready means of self-destruction. In the report for 1931, cases 
in which gas was used numbered more than double those of any other 
form of suicide. Jumping from high places accounted for the second 
highest number, with hanging, shooting and poisoning following in the 
order given. 

It is probable that a good proportion of those who attempt suicide 
use any means ready at hand for accomplishing the purpose. In Chicago 
the acquiring of firearms is easy and possessing them is not threatened 
with any serious consequences, so that they may be found rather com- 
monly in homes. Whether a law such as the Sullivan law of New York 
would lessen the total number of suicides or would only divert those 
achieved by shooting into some other category remains questionable. 

Jumping from high places has not increased so rapidly in this city 
as in New York City. It is given undue stress in the daily press 
because of its spectacular nature and because it has claimed some rather 
prominent victims. Possibly press emphasis may increase the numbers 
in the future. 

Asphyxiation by gas, which is far ahead in numbers in New York, 
takes only fourth place in Cook County. I have found illuminating gas 
to be one of the commonest means of suicide in the cheap lodging 
houses of impoverished districts. Motor exhaust gas, which enjoyed 
a brief season of popularity, now accounts for rather few cases. 

Abortions . — Figures on abortions are notoriously uncertain as to 
accuracy. In areas of strict registration most deaths from abortion 
are correctly reported, since reliable physicians are called before death 
or otherwise because of the danger of making an inaccurate report. 
Still the desire for secrecy is strong in many patients, and attempts to 
cover such deaths are not uhcommon, even when the probability of 
criminal interference is not strong. It is obviously impossible to corre- 
late deaths from abortions with the total number of abortions, because 
the latter must always remain an unknown quantity. The total num- 
ber of deaths from abortions numbered 232, of which 40 were classed 
as due to criminal abortions. The low figure given for the latter class 
indicates the difficulty of proving criminal interruption of pregnancy, 
and the term “suspected criminal abortion” or “probable criminal abor- 
tion” cannot be used officially. 

9. Norris, Charles; Statistical Report of the Chief Aledical Examiner of the 
City of New York, New York. 
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Alcohol . — ^Alcohol was listed as a primary cause of death in 303 
cases, other than those due to delirium tremens, and as a directly associ- 
ated factor in 336 cases. These 639 cases represent very largel}’- acute 
intoxications, with evidence of alcoholism outstanding. Some of the 
cases in the second group occurred in persons who were addicted to the 
use of alcoholic stimulants and who acquired pneumonia or cardiac 
decompensation or renal disease following alcoholic sprees. Numerous 
accidents entailing death were associated with acute alcoholism. No 
coroner’s physician would subscribe to the old saying that God has the 
drunkard especially under his watchful care. 

Alcohol as a remote or associated cause of death cannot at present 
be properly evaluated. It is commonly stated that those who are 
chronically subject to alcohol have a marked liability to acute infec- 
tions of the lungs and to shock from external trauma, including surgical 
operations. Yet such association is usually not mentioned in death 
certificates. This discrepancy between general statement and specific 
citation renders it easy for workers on either side of the question of 
the deleterious effects of alcohol to get medical support for their 
crusades. 

In the work of coroner’s physicians the number of cases included 
as cases of alcoholism must vary considerabl}'^ if this diagnosis is accepted 
from history and anatomic findings alone, or if it must be supported 
by chemical examination of specimens removed at autopsy. In this 
respect it is of interest that chemically proved cases of alcoholism in 
the four years numbered 278. 

Only 3 cases of pellagra were reported, and but 1 of these was 
definitely diagnosed as postalcoholic. Skin lesions are common among 
the human wrecks who are listed for coroner’s investigation. Various 
forms of dermatitis, fungous infections and insect bites often combine 
to give mixed pictures which may confuse specific diagnosis. Often 
skin lesions are accepted as such a usual finding in cases from lower 
social strata that no attempt is made to find in them evidences of the 
cause of death. It seems probable that postalcoholic pellagra is similar 
to the usual form,^*’ and since statistics indicate its increasing incidence, 
persons who are known to have been or may have been chronically 
alcoholic should be carefully scrutinized from the standpoint of pellagra. 

Homicides . — Homicide was accountable for 1,984 deaths in this 
period. Much has been written about killing in the United States as 
one of its major evidences of crime. The homicide rate has been 
given as the highest in the world. Much of this killing goes unpunished. 
Indeed, capital punishment was evoked most sparingly in this period 
of four years. The disturbing feature is that a high percentage of 
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such crimes are directed or inspired by organized outlaws of society 
who are able to scoff at threatened reprisals. 

The coroner’s physician is able in cases of criminal homicide to 
furnish much valuable evidence to the state. An autopsy certifies the 
exact cause of death and gives irrefutable proof of the means used 
in producing death, such, for example, as bullets recovered, specimens 
removed for chemical examination in poisoning, in asphyxiation or in 
drowning, and proof of the .means of strangulation, stabbing or striking 
with heavy objects. 

The killed persons numbered 1,699 males and only 282 females, 
which is in line with the sex distribution usually reported. 

The colored race had 679 homicides with a rate of 68 per hundred 
thousand, as compared with 1,284 among the whites and a rate of 8.6. 
This is the reverse of the racial tendency toward suicides. The 
homicidal mania of the colored race is responsible for ver}’- high rates 
of homicide in certain cities of the South which have a high percentage 
of colored population. 

Shooting accounted for 2,435 cases. These were divided into 
1,424 homicides, 802 suicides, which have already been discussed, 158 
accidents and 53 undetermined. 

The fact that shooting disposed of 72 per cent of the victims in all 
homicides is ready evidence of a widespread ownership of firearms, as 
well as of deplorable sociopolitical developments, which encourage 
crinimal use of these weapons. 

Of other forms of homicide listed, cutting or stabbing accounted 
for 301 cases and blows on the head or body for 129. Scattered cases, 
only,, were listed under various other methods of killing. 

Traumatic Septicemia. — Coroner’s cases in which septicemia caused 
death numbered only 103, or 26 per year. When it is remembered that 
this includes all cases arising from or associated with reported external 
trauma of whatever cause, some appreciation can be had of the remark- 
able advance in present day treatment of external trauma. 

Tetanus . — ^Tetanus was recorded in 86 cases, or 21.5 per v^ear. 
Though the number is low, these cases must be considered as sacrifices 
to public ignorance. By proper educational propaganda tetanus after 
Fourth of July celebrations has been made a rarit\\ The value of 
prophylactic treatment against tetanus after certain types of injuries 
generally could just as easily be made a matter of common knowledge. 

Excessive Heat . — ^Heat was the cause of death in 176 coroner’s cases. 
An attempt was made to subdivide the cases into those due to heal 
stroke and those due to heat exhaustion but it was found impossible 

11. Shattuck, G. C., and Hilfertj', Margaret M.: Am. J. Trop. Med. 12:223 
1932. 
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to do this from the data and diagnoses given. So the inclusive term 
“excessive heat” was used as recommended for the official list of causes 
of death. The total number of deaths certified as due to heat numbered 
596, so that the coroner’s cases made up 29.5 per cent of the total. The 
general tendency during extremes of weather is to assign the extremes 
of temperature as causes of many deaths which should properly be 
classed otherwise. It is felt that the coroner’s reports represent well 
selected cases from the standpoint of diagnosis. 

The larger number of cases occurred in persons past the age of 50. 
This, too, in spite of the fact that industrial and other exposure to heat 
must have been much greater in the more active younger persons. 
Practically no deaths from heat occurred in children. Persons at the 
extremes of life have an imperfect heat-regulating mechanism, but 
infants are rarely killed by heat because they are shielded from it. If 
the aged could be sliielded just as carefully from overactivity or over- 
exposure during hot weather there would undoubtedly be fewer tragedies 
due to heat among them. 

Epilepsy. — ^Epilepsy, either of essential or Jacksonian type, is often 
confused in the final state with recent injury to the head, delirium 
tremens and toxic psychosis. Coroner’s cases are often woefully lack- 
ing in history, and clinical observations may have been only terminal 
or entirely lacking, so that factual material for reconstruction of a case 
that has reached the stage of death may be scanty. The lay witness, and 
occasionally the medical witness, is inclined to term almost any sort of 
convulsion “epileptic” and any delirium of sudden onset in a man 
“delirium tremens.” Again the autopsy becomes the only method of 
investigation that gives facts. 

Epilepsy was the cause of death in 52 cases. Some of the epileptic 
persons died in status epilepticus. Others perished in accidents result- 
ing from epileptic attacks, such as falls or motor accidents with the 
epileptic person at the wheel. In the present mechanical age it may be 
difficult for an epileptic person attempting to lead an ordinary existence 
to avoid mechanical responsibilities, but certainly such risks to himself 
and others should be minimized. 

Delirium Tremens . — ^Victims of this disorder came to their deaths 
almost always with intercurrent disease. Frequently the delirium was 
precipitated by an acute disease. Often also an attack was precipitated 
in a person chronically alcoholic by external trauma. What part was 
played by the intercurrent sickness or injury in causing death may be 
difficult to decide, so that, unless overbalanced by a definite history of 
inebriety, traumatic or toxic psychosis must be kept to the front until 
fully ruled out by autopsy. 
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DISEASES AS CAUSES OF DEATH . 

Sickness alone, or the so-called natural cause, is operative in man}'- 
deaths that call for viewing by the coroner’s physician. Especially is this 
true in sudden, perhaps unexplained deaths and deaths in which sickness 
is intercurrent with an external injur}'. In regard to the former group 
the coroner’s physician is held responsible for certifying the cause of 
death as a matter of public policy, so that any possibly suspicious 
death may be properly investigated. In regard to the latter group 
many medicolegal questions arise as to criminal or civil responsibility. 

In either group the autopsy is of prime importance. In sudden 
deaths arising largely on a basis of cardiovascular disease much patho- 
logic investigation is still needed for better tmderstanding of the proc- 
esses involved. Most such pathologic material is lost to human benefit 
by being signed out on simple inquir}'. When sickness complicates 
the course of trauma from external cause proper evaluation of the 
factors resulting in death can be made only by autopsy. All else is 
only approximation. 

The total number of deaths from sickness was 5,618, or roughly one 
fourth of all the coroner’s cases. In 1,739 of these, or a percentage 
of 30.9, autopsy was made. 

Cardiovascular Disease . — Deaths from cardiovascular causes — heart 
disease including disease of the coronary artery, spontaneous hemorrhage 
of the brain and aneurysm — all combined numbered 3,586, or 63.8 per 
cent of all deaths from sickness. 

The largest quota in this group Avas made up of the deaths from 
primar}' heart disease, Avhich includes all forms leading to acute cardiac 
failure generally. There Avere 2,935 of these cases. There Avas also 
a complementary group of 240 cases in Avhich death Avas due to disease 
of the coronar}' arteries. 

A large proportion of the cases signed out as due to acute cardiac 
failure Avere ‘SdeAv” cases only. The rather typical histor}' is that of a 
man of over 50 years AA'ith no histor}' of current disease Avho collapsed 
Avhile at some form of actiAut}' and died suddenly. Acute cardiac failure 
Avas given as the cause of death on the basis of probability, Avith the 
underlying pathologic condition not further proA'ed. 

Undoubtedly a much larger figure should be giA-en for deaths from 
disease of the coronar}' arteries. The circumstances Avhich render deatli 
reportable to the coroner quite naturally obtain in a considerable number 
of such cases. So -the figure of 240 such deaths out of 3,175 deaths 
from acute cardiac failure of all forms indicates a probable insufficiency 
of examination into final causes. 

Varied pathologic pictures Avere presented by the feAV autopsy reports 
in tliis group of sudden deaths. Besides cases of frank coronary throm- 
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bosis, there were many cases of chronic myocardial change mostly pre- 
sumably on a vascular basis, unless associated with changes of the 
endocardium or pericardium suggesting other etiology. Ruptures of 
the wall of the heart were usually with recent coronary myomalacia, 
although rupture through a massive old scar of the left ventricle was 
seen. Massive hematopericardium appears to have resulted more often 
from rupture at the beginning of the aorta than from any other cause, 
this not necessarily as a consequence of syphilitic aortitis but sometimes 
as a result of formation of calcium plaques in the intima with develop- 
ment of dissecting aneurysm. A few cases of unsuspected acute endocar- 
ditis with fatal embolism and at least 1 case of acute annular ulcerative 
aortitis were found. There were several cases of ruptured unsus- 
pected aneurysms in various locations. Massive cerebral hemorrhage 
accounted for several deaths, and likewise embolism after minor trauma, 
affecting the lungs or rarely the brain or the heart through a patent 
foramen ovale. 

Spontaneous intracranial hemorrhage was diagnosed in 362 cases. 
Such a diagnosis in a case of immediate death without subsequent 
autopsy is much less in favor than formerly, since it is idealized that 
intracranial hemorrhage does not as a rule kill instantly. 

Nephritis . — Nephritis was assigned as the cause of death in 296 cases. 
The inclusion of these cases as coroner’s cases was largely because of the 
tendenc}’’ for coma to develop in persons with chronic nephritis on 
external trauma, exposure or toxemia. Acute glomerulonephritis, 
especially that superimposed on chronic nephritis, likewise developed 
with similar causes. Add to such etiology the fact that a considerable 
number of homeless persons have this disease and are without previous 
medical care, and that when they are found in late coma there is not 
sufficient time before death to rule out other possible causes besides 
nephritis. An autopsy certainly is demanded in all coroner’s cases in 
which a person dies in coma and the clinical studies are not conclusive. 

Pneumonia . — Pneumonia was written into the records of 1,608 cases, 
a number running surprisingly close to half that of the entire cardio- 
vascular group. 

There were 693 cases of primary pneumonia. The number of these 
was swelled by cases occurring in infants, many of whom died after a 
few days of what was considered a “cold,” without medical attendance. 
Some aged persons also showed little reaction to such a serious infec- 
tion and died suddenly at home with pneumonia unsuspected until 
autopsy. Persons with chronic alcoholism, especially those of lower 
economic strata, who slept off a bout with liquor exposed to inclement 
elements swelled the list of those who succumbed to pneumonia. Often 
derelicts, with no living place, they were sometimes found dead in 
out-of-the-way places, with pneumonia as the immediate cause of death. 
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Much harder to explain were the occasional cases of lobar pneu- 
monia in adults with death following shortly after a dramatic onset 
of symptoms. An illustrative case may be cited. An apparently vigor- 
ous white woman of 40 years with no known complaint went into the 
city to transact business. While walking about she suddenly fell 
unconscious, was taken to a hospital and died four hours later without 
regaining consciousness. Complete autopsy disclosed only lobar pneu- 
monia with an early gray stage of consolidation of the right lower and 
middle lobes. Such cases stress the possibility of pneumonia without 
the usual marked symptoms, which may go undiagnosed to either 
recovery or death. 

A second group of cases of pneumonia is made up of those in 
which the condition was associated with external trauma, numbering 
915. Here again persons at the extremes of life and persons who were 
debilitated comprise by far the largest portion. This was so striking 
in going over the cases that on reading “Patient, 65 years fall, with 
injury of several days’ duration, and death” a finding of pneumonia 
could be reasonably predicted. 

However, a considerable number of these cases were found in young 
persons and adults of middle life who had suffered trauma of varying 
severity. I believe, though without final proof, that in these pneumonia 
may arise on etiologic grounds quite different from those on which 
pneumonia arises in the less sturdy group. In the aged and debilitated 
persons the blame is generally laid on an inefficient circulation with 
congestion of the lungs, which prepares the ground for infection. It 
seems possible that in younger persons pulmonary infections may arise 
in areas in which circulation has been impaired by small emboli. The 
lungs as an efficient strainer for the venous blood undoubtedly inter- 
cept many foreign masses in the blood stream without symptoms of 
damage of the lungs arising. A shower of such small emboli might 
seriously impair the circulation of areas of the lung, without completely 
shutting it off, in a person with an efficient general circulatory function. 

Still other factors were brought into play in late cases of exposure 
to gas, either illuminating or automobile exhaust gas, and in late cases 
of poisoning by depressant drugs such as opium, chloral, acetanilid, 
bromides and others. Many of the victims seemed to recover entirely 
from the original injuries, but within a few days contracted pneumonia, 
generally of lobular type, from which they died. In these cases depres- 
sion of the respiratory function must be given a prominent role among 
etiologic factors, although some direct injury to the lungs is not ruled 
out. 

Unfortunately, as to the whole question of pneumonia in cases of 
injury, this sun^ey can cover only the fatal cases of injury, among 
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16,588 of which there were 915 which terminated in pneumonia. How- 
ever, enough is shown of the seriousness of pulmonary complications 
to emphasize the need of clinical measures of prophylaxis. It is not 
too much to expect that the lag in the practical application of newer 
discoveries might be overcome to the extent of using as a routine the 
principle of hyperventilation of the lungs in at least those cases of 
trauma severe enough to induce inactivity. Hyperventilation might be 
made a still more valuable procedure by using it periodically for some 
time after the injury. 

Status Thymicolymphaticus . — ^This euphonious term was used rather 
sparingl}^ in certificates of death. Only 41 cases were ascribed to this 
cause. The present reaction against such a diagnosis is well presented 
in the report of the British Commission.^® But as long as the diagnosis 
is accepted the term will be found decorating death certificates- Its 
chief usefulness in the coroner's cases of sudden death and in those 
of obscure cause coming under the view of any lazy-minded practitioner 
of medicine arises from its eminent respectability and all-inclusive scope. 

Tuberculosis . — ^Tuberculosis appears to be generally outside the scope 
of the coroner’s inquiry, yet 233 cases were listed in which it was given 
as the primary cause of death. Certain points are brought out by these 
cases. First, that among the admittedly large number of people with 
active tuberculosis mingling in the general activities of life, accidents 
may occur. The shock of external trauma and the stress of the subse- 
quent confinement show a likeliness to hasten the progress of existing 
active tuberculous lesions or indeed to light up new ones from latent 
foci. Next, an appreciable number of tuberculous people, perhaps 
euphoric, perhaps really carrying on fairly well, go to the end of their 
lives without medical care. The frequency of uncared-for cases among 
drug-users and prostitutes is too well known to need special comment 
here. 

Diabetes. — The 54 cases in which this condition was found to be the 
cause of death came into the coroner’s group principally for two reasons. 
One is that persons suffering from diabetes readily contract serious 
infections, perhaps ending in septicemia, from external trauma. The 
other is that many persons in whom diabetes is previously unrecog- 
nized or untreated die in diabetic coma. 

Pancreatitis. — Acute hemorrhagic pancreatitis occurred in 5 cases. 
The frequently dramatic onset and short course of this disease may 
lead the laity to suspect it of resulting from external trauma. Especially 
is this true if the victim has recently undergone some special physical 

12. Henderson, Y.; Haggard, W., and Coburn, R. C.; J. A. M. A. 7i:783, 
1920. 

13. Young, M., and Turnbull, H. M.: J. Path. & Bact. 34:213, 1931. 
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stress or injury. While cases have been reported in which such 
association occurred, certainly medicolegally opinion should be reserved 
pending the careful ruling out of other more frequent causes. 

Peptic Ulcer . — In 28 cases peptic ulcer caused death, by hemorrhage 
or perforation. Death by hemorrhage from a previously “silent” ulcer 
was noted. Again the vexing question arose as to the possibility of 
external trauma causing such a complication of ulcer of the stomach. 
Uncertainty was often added to by the passage of a considerable 
period of time between the supposed injury and the evidence of the 
complication. 

Hepatic Disease. — Thirty-five deaths investigated by the coroner’s 
physicians were due to diseases of the liver. Acute yellow atrophy was 
accountable for about two thirds of the cases. However, in the same 
length of time there were 94 fatal cases of acute yellow atrophy in the 
county. An increase of this disease has been feared from the extensive 
use of arsenical and coal tar medicines. Such cases, if recognized and 
properly reported, come under the coroner’s investigation. Since the 
coroner’s cases have been few as compared with the total number it 
appears that the feared increase has not occurred or that the reporting 
has been inaccurate. 

Acute Infections . — Cases of acute infectious disease turned over to 
the coroner’s service for investigation numbered 27. While such cases 
generally seem more properly to belong to the department of health, 
sudden death in a case in which the condition was undiagnosed, such 
as an asphyxial death with diphtheria, might call for an exercise of the 
coroner’s power of complete investigation. 

Syphilis . — ^This disease as a cause of death was recorded in 18 cases. 
I do not believe that this figure represents the total number of cases in 
which syphilis is a factor in causing death. In view of the type of 
cases included among the coroner’s cases syphilis as a cause of death 
should rank more prominently. As long, however, as syphilis is a cause 
of death that carries not only a social but often also a financial penalty 
in the possible loss of life insurance or industrial insurance, the urge 
to concealment will operate. Besides allowing reasonable doubts to aid 
in salving the pride or economics of the family of the deceased, an 
examiner hesitates to expose himself to a possible suit for damages by 
including de novo the term “syphilis” in a death certificate, unless the 
diagnosis can be defended beyond peradventure. 

Tumors . — Malignant tumors caused death in 157 cases. Most of 
these cases were those of persons in whom malignant growths had been 
diagnosed before death or in whom malignant growths had been sus- 

14. Stuart, M. C. : Northwest Med. 20:58, 1921. 
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pected but who had gone without medical attendance. Some excep- 
tions were cases of persons who died in coma with primary or metastatic 
tumor of the brain, sometimes with superimposed acute hemorrhage, 
and of persons with minor injuries who had pathologic bone fractures 
with tumor, or of those whose tumors arose following external trauma. 

As regards the first group of persons many were members of 
so-called religous cults which find their most fallow and remunerative 
fields among the victims of chronic diseases but at the end require a 
special public service to sign the death certificates. 

The question of a single external trauma as the direct cause of 
malignant tumor remains yet to be proved, although there have been 
numerous coincidental possibilities observed among sarcomas. Carci- 
noma has not indicated such immediate relationship, except rarely.^® 
Some of the cases in this group are those in which an effort was made 
to link the death etiological!}? with a reported external injury. 

Hemorrhage . — Massive hemorrhage not induced by external trauma 
was found in 101 cases, aside from intracranial hemorrhage. Since the 
hemorrhage in itself was not the primary disease these cases were con- 
sidered with those of the disease causing the bleeding. Hemorrhages 
from aneurysms, peptic ulcers and tuberculous lungs made up the 
majority, with hemorrhages from ruptured varices, especially of the 
esophagus, shown in a few cases. No case was listed in which a 
hemorrhagic diathesis was the cause of death. 

A type of hemorrhage totally unrelated to the types mentioned is 
the late secondar}? hemorrhage occurring after external trauma. Only 
3 such cases were given, so the interest of this type lies largely in its 
rarity. Since this type occurs with wound infection, the low number 
seems again to emphasize the present day advance in caring for wounds. 

Pulmonary Embolism . — Massive pulmonary embolism after injury 
other than surgical operation terminated life in 57 cases. Embolism 
occurred with all grades of severity of injury and apparently with all 
degrees of motilit}? of the subject. It was found in severely injured, 
bedfast patients and in slightly injured persons at full activity. It is 
not felt that an}? conclusion is permitted from such data, however, since 
the total number of nonfatal in juries with subsequent activity or inactivity 
cannot be determined, even though other variables could be evaluated. 

OTHER CAUSES OF DEATH 

Numerous other medical causes of death are represented by a few 
cases each. They were generally called into question by some suspicious 
circumstance about the death itself or because of lack of medical atten- 


15. Wells, H. G., and Cannon, P. R.: Tr. Chicago Path. Soc. 13:183, 1930. 
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dance. Because of the scattering of these causes no special mention 
will be made of them. 

SUMMARY 

A review is presented of the 22,206 deaths investigated by the 
coroner’s staff of Cook County, III., from November, 1928, to Novem- 
ber, 1932. This number is 13 per cent of the total number of deaths 
in the area. These deaths occurred in 16,426 males and 5,425 females. 
The colored race, making up about 6 per cent of the population, con- 
tributed 1 1 per cent of the deaths. With the deaths grouped as to age, 
the percentage death rate is found to have been highest toward the 
extremes of life. In actual numbers, more deaths were found in males 
from 40 to 50 years of age, while in females the curve rose to an 
almost level plateau extending from 20, to 70 years of age. There 
were 355 fetuses; the causes of death remained mostly unknown. 
Different seasons of the year were not found to influence appreciably 
the total number of cases. 

There were 12,927 cases examined in undertakers’ morgues with an 
autopsy percentage of 18.7, 5,240 at the Cook County morgue, in 
53.4 per cent of which autopsies were made, and 3,684 at various hos- 
pitals, in 24.8 per cent of which autopsies were made. The percentage 
of autopsies in all cases in all places of examination was 27.6. Death 
certificates were signed by coroner’s physicians in 5,628 cases, while in 
the remainder, 16,223 cases, the report of death was completed by 
inquest. 

Deaths from external traumas numbered 16,588. The following 
types of cases of injury resulting in death are considered : accidents of 
transportation, 10,768; suicides, 2,723; homicides, 1,984; burns, 640; 
falls, 611 ; industrial accidents, 610; asphyxiation s, 470; alcoholic injury 
as a primary factor, 303, and as an associated factor, 336; abortions, 
232; excessive heat, 176. 

The duration of life following injury was short in most cases, with 
17,401 of the cases terminating in death in less than twenty-four hours. 
In the remaining cases, 4,450, not including those of fetuses, the his- 
tories varied in length up to one year or more. 

Cases in which sickness was the only or the associated cause of , 
death numbered 5,618. Specific diagnoses were given as follows ; 
Among cardiovascular diseases, primary heart disease, 2,935, with a 
complementary group of coronary arterial disease, 240, and spontaneous 
intracranial hemorrhage, 362 ; pneumonia as the primarj'' cause of death, 
693, and associated with injury or other cause, 915; nephritis, 296; 
tuberculosis, 233; malignant tumor, 157; massive hemorrhage not 
associated with external trauma, 101 ; massive pulmonary embolism 
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after disease or injury other than surgical, 57; diabetes, 54; status 
thymicolymphaticus, 41. Numerous other diagnoses were given with 
few deaths. 

This review is presented as an attempt to stress the general impor- 
tance of the great mass of coroner’s deaths both as to sociopolitical and 
economic significance and as to the valuable medical lessons to be derived 
from the course of injuries or diseases, either as separate entities or 
when intercurrent. 
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Endometrial hyperplasia is an important gynecological condition 
characterized by profuse and irregular hemorrhages, hyperplastic endo- 
metrium and absence of functioning corpora lutea. It is an important 
disorder of the menstrual function, and before considering it in detail 
it seems wise to review a few important facts concerning the normal 
physiology of menstruation. Recent work has advanced knowledge of 
this process considerably and given some insight into it. 

THE MENSTRUAL MECHANISM 

The normal, healthy woman menstruates at more or less regular 
intervals of about twenty-eight days. Following menstruation the endo- 
metrium undergoes a gradual proliferation up to the time of ovulation, 
which occurs at about the ninth postmenstrual day. Then the epithelium 
ceases to proliferate and begins to undergo secretory changes. When 
menstruation begins, the endometrium rapidly disintegrates and is cast 
off. Following menstruation the epithelium grows out from the glands 
and covers the desquamated area, and the proliferation starts again. 
These cyclic changes in the endometrium are dependent on cyclic changes 
occurring in the ovary. In the latter organ there is a period of follicular 
ripening following menstruation. On or near the ninth postmenstrual 
day this process terminates in the rupture of the follicle and the dis- 
charge of the ovum. Following follicular rupture, or ovulation, the 
lining cells of the ruptured follicle begin to grow and form the corpus 
luteum. During the process of follicular ripening the follicles secrete 
a hormone which stimulates the growth of the endometrium. Principles 
having an estrogenic action or extracts containing such principles have 
been variously. designated (female sex hormone, theelin, amniotin, progy- 

From the Department of Obstetrics and Gynecology and the Department of 
Anatom}', Vanderbilt University Medical School. 
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non, estiin, etc.). Since the hormone has the capacity to produce estrus 
in the spayed animal, the term estrogenic substance has seemed par- 
ticularly appropi'iate. In the ovary that substance is found in the 
graafian follicle, interstitial tissue and corpus luteum. However, the 
follicles are generally considered as the main source of this secretion. 
Substances of a similar nature are found in the blood of the menstrual 
discharge, in the placenta, and in the blood and urine during pregnancy. 
A chemically pure substance having, so far as is known, the same physio- 
logic effects has been isolated by Dois}^ Veler and Thayer^ and by 
Butenandt " fi*om the urine of pregnant women. Following ovulation, 
the follicle undergoes a series of changes which result in the formation 
of the corpus luteum. Fraenkel ^ first definitely proved that this struc- 
ture had the properties of an endocrine gland. Recently Corner and 
Allen ^ isolated a hormone from the corpus luteum. This hormone has 
no effect on the endometrium of the castrated animal unless the endo- 
metrium has previously been sensitized with the estrogenic hormone. 
If so, the proliferative changes produced in the endometrium as a result 
of that hormovie are modified b}’' the action of the corpus luteum hor- 
mone, and premenstrual or progestational changes occur. These two 
hormones provide the stimulus for the endometrial changes taking place 
in the interval between the end of one period and the beginning of the 
next. Those before ovulation are caused by the estrogenic substance 
and those following ovulation by the combined effects of the estrogenic 
and the corpus luteum hormone. 

The premenstrual phase is terminated by the onset of menstruation. 
The actual cause of the menstrual bleeding is considered by Hartman, 
Firor and Ceiling ° to be a special menstrual hormone which originates 
in the anterior pituitary gland. On the other hand, Saiki ® failed to 
confirm their findings and produced good evidence that menstruation 
is a degenerative process resulting from a decline in the ovarian hor- 
mones. According to this view, the endometrium is dependent on the 
hormones for its growth stimulus. When the growth stimulus is 
removed, growth stops and the tissue regresses to its former condition. 
In the human endometrium and in that of the monkey this regression is 
associated with certain vascular phenomena which result in menstruation. 
It has been known for some time that removal of the human ovaries in 

1. Doisy, E. A.; Veler, C. D., and Thayer, S, : J. Biol. Chem. 86:499, 1930. 

2. Butenandt, A.; Deutsche med. Wchnschr. 55:2171, 1929. 

3. Fraenkel, L. : Arch. f. Gynak. 91:705, 1910. 

4. Corner, G. W., and Allen, W. M.: Am. J. Physiol. 88:326, 1929. Allen, 
W. M.: Am. J. Plwsiol. 92:174, 1930. 

5. Hartman, C. G.*; Firor, W. M., and Geiling, E. M. K.: Am. J. Physiol. 
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6. Saiki, S.: Am. J. Physiol. 100:8, 1932. 
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the premenstrual phase results in the premature appearance of the 
menstrual flow. This clinical fact lends support to the views of Saiki, 
as does the earlier work of Allen who noted menstruation in monkeys 
following injections of theelin. Recently Werner and Collier ® observed 
menstruation in castrated women .following injections of theelin. Kauf- 
mann ® and Clauberg have gone a step further and noted menstruation 
in castrated women after injections of commercial preparations of the 
estrogenic and the corpus luteum hormone. 

The important studies of Smith and Engle and of Zondek and 
Aschheim have conclusively demonstrated the dependence of the ovary 
on the anterior lobe of the hypophysis. If the ovary is removed the 
sex cycle stops, but if an excess of the hormone from the anterior lobe 
of the pituitary gland is added there is a marked ovarian reaction con- 
sisting of follicular ripening, ovulation and formation of corpus luteum. 
Zondek expressed the belief that the anterior lobe has a sex factor 
stimulating follicular ripening and one stimulating luteinization. He 
designated these factors as prolan A and prolan B respectively. (In 
this country the term prolan is often used to designate the anterior 
pituitary-like hormone found in the urine of pregnant women.) Other 
investigators are inclined to believe that, prolan A and prolan B represent 
quantitative variations of a single sex hormone. The process of ovu- 
lation or follicular rupture initiates the formation of the corpus luteum. 
Ovulation occurs spontaneously in most animals ; in the cat, ferret and 
rabbit it occurs only after copulation. In the rabbit ovulation can be 
induced by injections of the urine of pregnant women and by injections 
of a substance obtained from the anterior lobe of the hypophysis. Nor- 
mally, ovulation in the rabbit occurs from ten to twelve hours after 
copulation ; it is thought that the act of copulation sets up a nervous 
impulse which stimulates the anterior pituitary lobe to secrete a hormone 
which produces ovulation. In human beings, ovulation occurs spon- 
taneously. No data are available on the effect of nervous impulses on 
human ovulation. Under certain conditions these might become a factor. 
Allen considered such a possibility likely. While the hypophysis has 
a profound action on the ovai'y, the ovary has a counter effect on the 

7. Allen, Edgar: Contrib. Embryol. 19:1, 1927. 

8. Werner, A. A., and Collier, W. D.: J. A. M. A. 100:633, 1933. 

9. Kaufinann, C. : Klin. Wchnschr. 12:217, 1933. 

10. Clauberg, C.: Zentralbl. f. Gynak. 57:1461, 1933. 

11. Smith, P. E., and Engle, E. T.: Am. J. Anat. 40:159, 1927. 

12. Zondek, B., and Aschheim, A.; Arch. f. Gyniik. 130:1, 1927. 

13. Zondek, B.: Die Hormone des Ovariums and das Hypophyscnvorderlap- 
pens, Berlin, Julius Springer, 1931; Klin. Wchnschr. 9:245, 1930. 

14. Allen, Edgar : Se.x and Internal Secretions, Baltimore, Williams & Wilkins 
Company, 1932, p. 431. 
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hypophysis. Several investigators have mentioned this interaction, nota- 
bly Leonard, Meyer and Hisaw and Moore and Price, and it need 
not be considered here in detail. It suffices to say that the hypophysis 
stimulates the ovary, and the estrogenic factor, one of the ovarian secre- 
tions, depresses the hypophysis. Alterations in this balance could easily 
lead to disturbances in the menstrual rhythm. However, the complete 
solution of the hypophyseal-ovarian relationship is not yet at hand. The 
importance of this relationship in the study of endometrial hyperplasia 
will be considered later. 

The condition known as endometrial hyperplasia has now been sepa- 
rated from the disorders of menstruation and stands as a clinical and 
pathologic entity. According to Olshausen,^'^ as early as 1846 the French 
knew of a polypoid condition of the endometrium associated with hemor- 
rhages. Olshausen studied the condition and gave it the name of “endo- 
metritis fungosa.” Seven years later, a German gynecologist, 
Brennecke,^® published the contribution which opened the way to the 
present day advances. He was the first to describe the absence of 
corpora lutea in the ovaries, and suggested that an ovarian disorder 
was responsible for the endometrial changes. The full significance of 
Brennecke’s observations was not appreciated, because at that time the 
endometrial cycle was still unknown, and many normal conditions were 
described as forms of endometritis. In 1900, Thomas' Cullen described 
the condition and recognized it as an abnormal hyperplastic process of 
benign character, separate and distinct from endometritis. He named 
it “endometrial hyperplasia.'' However, until after Hitschmann and 
Adler had described the normal histology of the endometrium in 1908, 
it was impossible to differentiate completely the normal from the patho- 
logic process. Their work laid the foundation for the further study 
of endometrial lesions. This was forthcoming in the work of Schroe- 
der and to him and his pupils is due most of the credit for the present 
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knowledge of endometrial hyperplasia. As a result of Schroeder’s work, 
the Germans have recognized the condition and written voluminously 
about it. In England and America the condition has not commanded 
the attention to which it is entitled. In this country the fundamental 
contribution of Cullen and the later work of Emil Novak "" and 
Fluhmann have done much to advance knowledge of the subject. 

ETIOLOGY OF ENDOMETRIAL HYPERPLASIA 

From a correlative study of ovarian and uterine changes Schroe- 
der correctly inferred that the uterine changes before ovulation were 
caused by a hormone from the follicle, and those after ovulation by a 
hormone from the corpus luteum. In hyperplasia he found no corpora 
lutea and he concluded from this that the endometrial changes were the 
result of a failure of ovulation. This resulted in a persistent follicle, 
which stimulated the hyperplastic growth of the endometrium. The 
eventual cause was considered to be a disharmony of the glands of inter- 
nal secretion. Meyer placed a somewhat different interpretation on 
the ovarian findings. He considered that the stimulus arose from a 
succession of ripening follicles which never came to ovulation, rather 
than from one persistent follicle. He was unable to find any corpora 
lutea in his cases. 

As a general rule the presence of corpora is the exception ; they have 
been reported in only a small percentage of cases. Novak and Martz- 
loff observed corpora lutea in four cases of hyperplasia. Babes,-® 
in a report from Meyer’s laboratory, analyzed twenty-five cases and 
found corpora in three. Shaw found two recently ruptured follicles 
and a recent corpus luteum. Fluhmann found no corpora in five 
instances. We believe that the occasional occurrence of corpora can 
probably be explained either by diagnostic errors, nonfunctioning cor- 
pora or spontaneous and induced ovulation in the course of the disease. 
We have recently observed three cases in which a definite hyperplasia 
was transformed into a normal premenstrual endometrium and normal 
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menstruation ensued. In each case the cervix had been stimulated by 
the passage of a biopsy instrument, and it is possible that the nervous 
stimulation from this procedure played a part in bringing about ovula- 
tion. In order for a hyperplasia to be converted into a premenstrual 
endometrium, ovulation and the formation of corpus luteum must have 
taken place. If the operation had been performed on the first or second 
day after ovulation, we might have obtained the picture of a hyperplastic 
epithelium with early corpora lutea in the ovaries. In the cases referred 
to had the specimens been obtained later, the epithelium might have 
been perfectly normal in appearance, and the expected menstruation 
might have been normal, as it was in our cases. These facts indicate 
that the hyperplastic picture may change and that ovulation and the 
formation of corpus luteum may terminate the disease. In such an 
instance there is a transitory phase in the conversion of the hyperplastic 
endometrium into the premenstrual endometrium. Early in this transi- 
tory phase the endometrium may be hyperplastic, and yet the condition 
known as endometrial h3^perplasia cannot be said to exist. Spontaneous 
remissions have been known to all authors, and since a remission can 
occur only by ovulation and the formation of corpus luteum, it is not 
surprising that early corpora lutea have been reported in association with 
a hyperplastic endometrium. When mature corpora are found in the 
disease they are probably nonfunctioning, or there is an error in the 
interpretation of the endometrium. Increasing experience has confirmed 
our belief that endometrial hyperplasia and functioning ripe corpora 
lutea do not occur simultaneously. 

Novak “-® in a I'ecent contribution stressed the importance of per- 
sistent and excessive follicular stimulation as the cause of the character- 
istic hyperplasia. Experimental proof of Schroeder’s and Meyer’s 
contention of an abnormal follicular stimulation producing the hyper- 
plastic changes was put forth by Burch, Williams and Cunningham.*® 
By injections of the estrogenic hormone these authors were able to 
produce in the endometrium of spayed rodents changes in growth which 
were quite similar to the changes observed in human hyperplasia. Injec- 
tions of the corpus luteum hormone failed to produce such changes. 
Moreover, these changes were reproduced in two instances by injection 
of material from the cystic follicles in cases of hyperplasia. Wolfe, 
Campbell and Burch were later able to reproduce successfully all the 
characteristic features of the disease in rats and guinea-pigs by injecting, 
over a longer period of time, a purified, crystalline estrogenic hormone, 

28. Burch, J. C. ; Williams, W. L., and Cunningham, R. S. : Surg., Gynec. & 
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theelin. On the other hand Spivack was unable to produce experi- 
mental hyperplasia by injecting 10 Allen-Doisy units of a commercial 
estrogenic hormone every other day until fifteen doses were given. Hof- 
bauer®^ was the first to produce the condition experimentally. He 
injected into guinea-pigs a substance freshly obtained from the anterior 
hypophyseal lobe. He considered the condition as a manifestation of 
an overactive anterior lobe. Oskar Frankl conceded the correctness of 
Hofbauer’s contention of overactivity of the anterior lobe for a limited 
number of cases but stated that local inflammatory conditions in the 
ovary are a far more frequent cause of hyperplasia than overactivity of 
the anterior lobe. Burch, Wolfe and Cunningham were unable to pro- 
duce the condition experimentally by utilizing Lipschutz’ method of 
partial castration, and they stressed partial castration as an important 
predisposing cause in human beings. It is interesting to note that of 
eighteen patients with endometrial hyperplasia reported on by Graves,®^ 
four, or 22 per cent, had had a previous unilateral oophorectomy, and 
that of eight patients with menorrhagia and metrorrhagia reported on 
by Esch,®® three had had a previous unilateral oophorectomy. 

Shaw stated the belief that the primary change is in the endo- 
metrium itself, and stated : 

Thus far the explanation I have to offer to account for the features of this 
disease may be summarized as follows: the polypoidal endometrium reacts upon 
the ovaries to produce an inhibition of follicle ripening, or of ovulation or of full 
formation of the corpus luteum ; in turn, the ovaries respond by producing con- 
tinuously a toxin, identical in type with that causing the disintegration of the pre- 
menstrual endometrium in normal menstruation. In consequence, disintegration of 
the superficial layers of the polypoidal endometrium occurs. 

Likewise, Babes suggested that, in some cases, the picture may be 
due to a peculiarity of the epithelium itself. No experimental proof, 
however, has been brought forward to support these assumptions. The 
latest chapter has been added by Kaufmann,® who produced the condition 
in castrated women by injections of a benzoic acid ester of the dihydro- 
estrous hormone, and one is compelled to conclude that the endometrial 
changes are the result of the action of the estrogenic hormone. 
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Burch, Williams, Wolfe and Cunningham pointed to a disturbance 
of the hypophyseal-ovarian relationship as an explanation for the abnor- 
mal production of the estrogenic substance, while Novak suggested 
that there is a disordered balance between the motivating hormones of 
the anterior lobe. 

The ovarian changes have been carefully studied and, in addition 
to the absence of corpora lutea, the presence of follicular cysts is a 
prominent feature. Babes estimated that there are one or two large 
follicular cysts in at least 60 per cent of the cases. Shaw considered 
them an almost invariable accompaniment. The opposite ovary is 
shrunken and sclerotic. The cysts may be lined with a layer of granu- 
losa cells, but frequently the latter have disintegrated. Babes men- 
tioned the scarcity of primordial follicles and the presence of degenerated 
ova in those present. He believed that his observations supported 
Meyer’s theory of continuously ripening follicles rather than Schroeder’s 
view of a persistent follicle. The cysts may attain the size of a small 
grapefruit and are frequently large enough to be palpated on bimanual 
examination. They may persist in an ovary almost indefinitely or may 
disappear in a few weeks. Patients have been observed in whom cysts 
were first noticed in one ovary, from which they disappeared only to 
reappear in the other ovary. The cysts are generally regarded as a 
manifestation of an endocrine disorder affecting the ovulatory mecha- 
nism, although some believe that thickening of the tunica albuginea can 
prevent ovulation in a purely mechanical way. The occurrence of the 
disease as a remote sequel to pelvic inflammatory conditions lends sup- 
port to this view, but as yet there is no statistical or experimental evi- 
dence to confirm the theory. 

The ovarian findings have not cast any light on the question of hypo- 
function or hyperfunction of the ovary. Most authors consider that 
there is a hyperfolliculism, and this implies that there is always a true 
increase in the amount of estrogenic substance available to act on the 
endometrium. It is conceivable that when there is an especially marked 
tendency to the production of estrogenic substance, the hypophysis is 
so depressed by this excess that it never reaches the peak necessary for 
ovulation. In the younger group of patients this may be likely. In 
other patients the ovary may be particularly hard to stimulate, and the 
production of estrogenic substance may be at a lower level than normal. 
In this group the hypophysis may be working at a level higher than 
normal, although not high enough to produce ovulation in the refractory 
ovaries. This seems likely in some of the older patients. No histologic 
criteria indicating the degree of secretion of the estrogenic hormone 
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have been developed, and the question of hypersecretion and hyposecre- 
tion of that hormone must be settled by the results obtained from quan- 
titative studies of the blood throughout the course of the disease. 

No data on the histologic changes in the pituitary gland in human 
hyperplasia have been encountered. Wolfe, Phelps and Cleveland®® 
studied this question in rats and guinea-pigs subjected to extreme partial 
castration. Some of the animals failed to come into estrus after the 
operation ; in such animals the pituitary gland showed an increase in the 
number and size of the basophilic cells, which became modified into 
castration cells. In other animals continuous estrus, associated with 
hyperplasia of the endometrium, was observed. The anterior pituitary 
lobes of such animals exhibited a decrease in the relative percentage of 
basophils ; the basophils present contained little granular material. The 
full significance of these findings is not apparent, but they show clearly 
that different ovarian conditions are reflected in the histologic structure 
of the anterior pituitary lobe. 

The relation of the thyroid gland to hyperplasia has often been sug- 
gested, largely on account of the successful use of thyroid extract in an 
occasional case. Opinion, however, is divided on this point, largely as 
a result of insufficient data. Owing to the relative rarity of the juvenile 
types, in which the point is of the utmost importance, and to the great 
frequency of the menopausal types, in which glandular therapy is rarely 
considered, large series of basal metabolic rates are not available. Gyl- 
lensvard noted the question of whether a disturbance of thyroid func- 
tion may not be a cause of the disease in the adolescent groups. He 
reviewed the previous work of other authors and reached the conclusion 
that, even though it must be regarded as probable that in a few cases 
there is a disturbance of thyroid function, such a disturbance cannot, 
at least with the present methods of investigation, be demonstrated in 
a sufficiently large number of cases to be justifiably regarded as the cause 
of the hemorrhages. The evidence regarding the part played by the 
thyroid gland in menstrual disorders has been well summarized by Mazer 
and Goldstein.^® They found the basal metabolic ratio below minus 15 
in only four of one hundred and three cases. Sehrt,^^ McCarrison 
and Bram« expressed the belief that menorrhagia is a symptom of 
hypothyroidism. Warfield, however, stressed the infrequency of men- 
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strual disorders in hypothyroidism. The ultimate solution of this ques- 
tion awaits further clinical research on proved cases of endometrial 
hyperplasia. 

From time to time there have been reported cases in which menstrual 
disorders have been attributed to nervous causes. Novak reported 
two cases and Miller presented an exceedingly interesting series of 
cases illustrating this point. At the present time we have a similar case 
under observation. The relationship of ovulation to nervous stimulation 
has already been discussed, and the possibility of a nervous factor in the 
production of the disease is admitted, but so far proof of its occurrence 
is lacking. 

Since hyperplasia is closely connected with disorders of the 
hypophyseal-ovarian relationship, it is not unreasonable to expect tumors 
of the hypophysis and proliferating tumors of the ovary to be associated 
with the disease. 

According to Henderson, adenomas of the pituitary gland produce 
sexual dysfunction as a result of compression of the normal portion of 
the gland. The two common types of adenomas, acidophilic and chromo- 
phobic, do not differ in the type of sexual dysfunction produced. The 
sex hormone is considered as being derived from the basophilic cells. 
Basophilic adenomas are less common than acidophilic and chromophobic, 
and no reference to them in connection with endometrial hyperplasia has 
been noted. 

While tumors of the pituitary gland are not related to the disease, 
the relationship of proliferative tumors of the ovary to endometrial 
hyperplasia is well established. On several occasions Schiffmann called 
attention to these tumors. He considered the endometrial changes to be 
the result of a hormone produced in the tumor, while Oscar Frankl,^® 
in reporting a fibroma associated with endometrial hyperplasia, stressed 
the possibility of the mechanical disturbance of circulation creating a 
stimulus for endometrial growth. Some of the earlier authors mentioned 
that congestion may provide a stimulus for endometrial growth. While 
this general assumption has not been disproved, most authors consider 
that the stimulus from proliferative tumors is due to a hormone and 
not to passive hyperemia resulting from the tumor. Schuschania’s 
observation of the estrogenic hormone in the blood and urine of one 
patient supports this contention. As regards type, granulosa cell tumors, 
Brenner’s tumors, fibroma, carcinoma and sarcoma have all been men- 
tioned. Mistakes in classification have been frequent, and the present 
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tendency is to classify most of these tumors in the group of granulosa 
cell tumors. The appearance of the tumor after the menopause produces 
somewhat of a sexual regeneration. The endometrium is hyperplastic, 
and irregular bleeding occurs. Ovarian tumors associated with post- 
menopausal hyperplasia are always suggestive of malignancy. Schiff- 
mann and TeLinde stressed the practical importance of this 
association. The latter’s excellent contribution has done much to arouse 
interest in this subject. 

Studies on the hormone content of the blood and urine of patients 
with endometrial hyperplasia are suggestive, but they are of significance 
only when they include a comparison with the normal. Since the almost 
simultaneous discovery by Frank and by Lowe of estrogenic sub- 
stance in the circulating blood of normal women, fairly definite normal 
values ^ave been established. Considerable work on this subject has 
been done by Frank and his collaborators.®" These investigators worked 
out a more or less standardized test for the determination of the presence 
of the estrogenic factor in the blood which is of importance in the 
diagnosis of certain gynecological conditions. Briefly, their findings in 
a large series of normal women were as follows : Demonstrable amounts 
of estrogenic substance were found in the circulating blood in the pre- 
menstrual phase of the menstrual cycle. In a few instances the substance 
was found as early as ten days before the onset of the next menstrual 
period ; in practically all the women it was found in the blood three 
days before the expected menstruation. At the onset of menstruation 
the estrogenic substance disappeared rapidly from the circulating blood, 
but was found highly concentrated in the first blood of the menstrual 
discharge.®"*^ These pioneer studies of Frank and his co-workers have 
been subsequently confirmed by others, notably by Mazer and Hoflfman,®^ 
Mazer and Goldstein,^® Hirsch ®“ and Siebke.®® 

In a recent and important contribution Fluhmann described the 
utilization of the methods of Robson and Wiesner and of Meyer and 
Allen ®® (who found that a subcornifying dose of estrogenic hormone 
resulted in mucification of the vaginal mucosa of spayed mice) as a 
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test for that hormone in the blood of normally menstruating women. 
In his experiments he injected fresh blood serum into spayed mice, which 
were killed on the third or fourth day after the first injection. The 
vaginae were fixed and sectioned. In mice which had received serum 
containing a detectable amount of estrogenic substance the vaginal epi- 
thelium was mucified. In his total series he tested the blood of fifty- 
seven AvtDinen during the different phases of the menstrual cycle. The 
blood of ten women in the early proliferative stage, from the fourth 
to the seventh day of a thirty day cycle, was examined ; two tests were 
positive and eight negative. Nine of fifteen tests made in the late stage 
of proliferation were positive ; fifteen of eighteen tests made in the early 
phase of secretion were positive, and six of seven tests made in the last 
stages of secretion were positive. The blood of three women within 
forty-eight hours of menstruation was examined ; only one test was 
positive. These results seem to be of special importance; they compare 
well with the findings of Frank and his co-workers ; also they offer a 
more exact method for the determination of small amounts of estrogenic 
substance than does cornification of the vagina. It is to be hoped that 
this excellent method of study will be extended to abnormal conditions. 

The estrogenic substance has also been detected in the urine of nor- 
mally menstruating women. Frank found that normal women may 
secrete from 800 to 1,500 mouse units of that substance during one men- 
strual cycle; two periods of maximum excretion were found, one near 
the time of ovulation and the other one or two days before menstruation. 
Kurzrok and his collaborators reported that normal women secrete 
from 10 to 20 units of estrogenic substance per liter of urine. They 
found little variation in the amount secreted during the various phases 
of the menstrual cycle. 

Since endometrial hyperplasia appears as the result of an abnormal 
stimulus in the secretion of estrogenic substance several investigators 
have tested the blood and urine of patients with this condition for the 
presence of the hormone, but the results have been somewhat variable. 
Frank studied several groups. In a series of over a dozen adolescents 
with endometrial hyperplasia he found that both the urine and the blood 
contained an excess of estrogenic hormone. He also reported that the 
blood of women showing climacteric bleeding of a functional type exhib- 
ited a high level of that hormone ; in some instances some cyclic variation 
in the amounts present was noted. The endometrial changes were 
closely similar to those in the pubertal group. In contrast, he failed to 
find such high levels of estrogenic substance in the blood of adult patients 
exhibiting functional menorrhagia and metrorrhagia. Occasionally the 

56. Kurzrok, R.; Boylan, James; Goldman, S., and Creelman, M.: Endo- 
crinology 16:361, 1932. 



BURCH ET AL.— ENDOMETRIAL HYPERPLASIA 


811 


blood of these patients contained small amounts of the hormone, which, 
in such instances, exhibited c3'clic variations. The endometrium of the 
aforementioned adult patients was either of the resting or of the sta- 
tionar}' hyperplastic t\-pe. 3 .fazer and Goldstein,^'' in agreement with 
Frank, failed to find the estrogenic substance in the blood of mature 
women with dysfunctional uterine bleeding. Furthermore, in contrast 
to Frank, they failed to find the substance in the blood in a high per- 
centage of cases of adolescent girls suffering from the bleeding of 
puberty. They demonstrated its presence in the blood in only four of 
fifteen patients with functional preclimacteric bleeding, f These inves- 
tigators reported no observation on the endometrium.; Siebke,^^ utiliz- 
ing the method of Frank and Goldberger, studied the blood of sixteen 
patients with glandular h3-perplasia of the endometrium. In ten instances 
the blood contained the estrogenic principle ; in these cases the patients 
were not bleeding or had been bleeding for onh' a relativelv' short period. 
In nine obseiwations made on the blood of patients who had been bleeding 
for a longer period (from two and a half weeks to three months) no 
estrogenic substance was found in the blood, Zondek found the 
substance in the urine of patients during the amenorrheic periods of 
“h3'perhormonaI amenorrhea.” The ovaries of these patients showed 
follicles which exceeded normal follicles in size and hormone content. 
In patients e.xhibiting poH-menorrhea, usuall3' associated with c3'Stic 
h3'perplasia of the endometrium. Kurzrok and his associates found 
that as much as 60 units of estrogenic substance per liter of urine 
sometimes occurred. On the other hand. Mazer and Hoffman failed 
to find the hormone in the urine of six patients exhibiting endometrial 
h3'perplasia. (The3' used unconcentrated urine and failed to relate the 
time of collection of the sample to the time of the bleeding.) 

Since the studies of Hartman, Firor and Geiling '' called attention 
to the fact that a factor from the anterior lobe of the pituitary gland 
might be concerned as a direct etiologic agent in the induction of uterine 
bleeding, several investigators have studied the blood and urine of 
normally menstruating women for the presence of a hormone or hor- 
mones of the anterior lobe of the hypophysis, Frank, Goldberger and 
Spielman demonstrated that the ovarian stimulating factor or factors 
of the anterior lobe may be found in the circulating blood of normally 
menstruating women. Thex- found the greatest amounts during the earh’ 
period of the C3'de from the sixth to the ninth day following the onset 
of the previous menstruation. Xeumann and Peter, ==» on the other hand, 
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found the hormone from the anterior lobe most abundant during the 
premenstrual phase. The factor from the anterior lobe has also been 
found in the urine of normal women. Zondek®" found a maximum 
secretion of this hormone just before menstruation; there was a fall 
directly after menstruation. Katzman and Doisy,®^ studying the urine 
of normally menstruating women for the presence of the hormone from 
the anterior lobe found that urinaiy excretion was high at the time of 
ovulation and during menstruation. 

The studies cited serve as controls for studies concerned in deter- 
mining the possible presence of hormone or hormones from the anterior 
lobe in the blood or urine of patients with endometrial hyperplasia. 
Fluhmann examined the blood of ten patients with endometrial hyper- 
plasia ; only one showed the presence of the hormone. Mazer and Gold- 
stein ^® were unable to find the hormone of the anterior lobe in the blood 
of eight young women with functional menorrhagia. (No endometrial 
observations were made.) Fluhmann^®® described a group of patients 
which he termed “hypohormonal.” This group consisted of young 
women with polymenorrhea and women near the menopause exhibiting 
too profuse and too frequent menses. These patients showed pituitary 
factors from the anterior lobe in their blood. Although such patients 
may show endometrial hyperplasia, Fluhmann is of the opinion that this 
is not generally the rule. It was proved that two of the patients who 
exhibited hypophyseal factors from the anterior lobe in the blood did 
not have endometrial hyperplasia. It seems fairly clear from the studies 
presented that endometrial hyperplasia is not associated with the presence 
of pituitary factors from the anterior lobe in the blood. 

On the other hand, patients who exhibit a definite hypo-estral con- 
dition may exhibit large amounts of pituitary factors from the anterior 
lobe in the blood. Fluhmann found such factors in the blood of 
castrated women after the menopause and in cases of amenorrhea of 
long standing. 

Smith and Rock ®® studied the urine of patients with menorrhagia 
and metrorrhagia. They found that fourteen of eighteen specimens col- 
lected during the period of bleeding contained a substance which pro- 
duced follicular ripening when injected into immature rats. In the 
nonbleeding groups eleven of thirteen specimens were completely 
negative. 

THE TISSUE CHANGES 

The changes in the endometrium are the result of an excessive pro- 
liferation resulting from an abnormal estrogenic stimulus. In consider- 
ino- these changes it seems essential to show their relation to and their 
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point of departure from the normal. In describing the condition we 
shall first trace the endometrium through the postmenstrual and interval 
phases into the hyperplastic state. In the postmenstrual phase the endo- 
metrium is thin and pale. The thickness varies between 0.5 and 0.9 
mm., and the surface is smooth. The few slender, cylindric glands 
expand gradually from the surface and follow a wavy course to the 
muscularis. The epithelium is composed of low, narrow cylindric cells, 
the inner borders of which are smooth and well defined. The cytoplasm 
is scant}', of a homogeneous consistency and acidophilic. Some of the 
cells have cilia. The nuclei stain deeply, may be round but are usually 
oval, and occupy a basal position. Mitoses are at first infrequent but 
increase throughout the postmenstrual and interval phases. There is 
no sign of secretion in the cells or in the lumens of the glands. The 
stroma cells are spindle-shaped or oval. The cells in the superficial 
portions are arranged more loosely than in the deeper. The nuclei stain 
deeply and almost fill the cell. There are little edema and few poly- 
morphonuclear leukocytes. The glands increase in length and their 
lumens widen as the postmenstrual phase merges into the interval phase. 
Both phases are characterized by a proliferation of the endometrial 
elements as a result of the estrogenic stimulus. The terms are retained 
only on account of their general use. It would be better if they were 
eliminated and the term “proliferative phase” or “estrogenic phase” 
substituted. In the latter half of the proliferative phase (the old interval 
phase) the glands increase in length and their lumens widen. The 
glands open through a narrow neck, and they expand basally in a some- 
what uniform manner. A rare gland may show no expansion of the 
lumen. Occasional glands may show cystic or fusiform dilatation while 
others are oval. The growth of the glands is more rapid than the 
growth of the stroma, and this produces the characteristic sinuous form. 
The number of glands is increased, probably by the growth of basal 
buds from the lamina basalis to the surface. O’Leary,®® who was the 
first to mention these structures, described them as follows : 

From the portions of the glands surrounded by the denser fibroblastic stroma 
of the lamina basalis, vertical tubules arise which project for varying distances 
into the stroma of the functional layer and which have no connection with the sur- 
face. However, since they reach a much greater length in older mucous mem- 
branes, we may assume that thej' eventuallj’ reach the surface and establish new 
glands, thus serving to increase the number of glands in the later stages. Mitoses 
in these structures indicate that they are actively growing. 

Late in the proliferative phase some glands are dilated and filled 
with a coagulated material, which is faintly positive to mucicarmine. 
This material is not of the same appearance or character as the mucoid 
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secretion seen in the premenstrual phase, and its relation to the latter 
is not as yet clear. Bartelmez suggested that there are two phases 
of secretion in the menstrual cycle, the first characteristic of the early 
interval, the second characteristic of the premenstruum. During the 
interval there is little intracellular secretion, and the cells are higher 
and broader. They are somewhat crowded together, giving an appear- 
ance of pseudostratification. The cytoplasm is increased, and the nuclei 
stain deeply. Mitoses are frequent. The inner cell border may lose its 
sharp outline and assume a fringed appearance. Glycogen is said to 
be absent. Superficial edema of the stroma may be present. 

In hyperplasia the fundamental tendency is a continuation of growth. 
It is a growth which exceeds normal bounds. Some specimens show 
marked evidence of this excessive growth while in others it is less 
marked. In fact it is often difficult to determine from histologic appear- 
ances alone where the normal ends and the abnormal begins. Mack 
studied the degree of hyperplasia in two hundred specimens and found 
that it was circumscribed in 15, mild in 24, moderate in 49, strong in 
10 and very strong in 2 per cent. 

In the mild cases there is an absolute increase in the number of glands 
and of cells. As a result there is a certain irregularity of pattern that 
stands out in contrast to the normal. There are minor variations in 
the course of the glands ; some are straight, some saw-toothed, and some 
sinuous. Occasionally, bizarre forms are seen. Variations in the size 
of the lumens are apparent ; a few cystic glands are scattered throughout 
the endometrium. In some glands the epithelium is single-layered; in 
others it is denser and often pseudostratified, so that the epithelium 
has a thick, massive appearance. Epithelium of all kinds may be found 
in the cystic glands. Frequently it is flattened. Mitoses are commonly 
seen in good preparations. The vessels are moderately large and 
engorged with blood; they extend throughout the whole thickness of 
the epithelium. The stroma is markedly variable. In some areas it is 
thick ; in others, thin. Mitoses are found rather commonly in the con- 
nective tissue cells of the stroma. Edema is commonly observed and 
varies in different parts of the same section. It is to be looked on as 
a manifestation of circulatory stasis, and in arriving at a conclusion 
regarding the state of the specimen the edematous areas should be 
excluded as abnormal and only the nonedematous areas judged. Under 
the surface epithelium there may be dilated veins surrounded by an 
area of edema or hemorrhage. The presence of venous thromboses 
surrounded by areas of necrotic tissue is an important and characteristic 
finding. 
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In sGvcrG casESj the size of the glsnds is more i ariable. The larger 
glands are cvstic. and some are as large as a low power field. ^Marked 
variations in shape are noted. Seen in cross-section some are practicalK 
round ; others have large scallops fairly regular in size. Still others har e 
rounded or pointed projections into the lumen. Longitudinal sections 
show similar variations of a less extreme variety. These variations in 
the size of the gland lumens produce the well known “Swiss cheese ’ 
appearance to which Xovak called attention. The glandular epithelium 
is ver}^ dense at points. In some areas there are two or more layers 
of cells. The nuclei of the inner larger of cells are flattened, and those 
of the outer are round or oval. In other areas there seems to be only 
one layer of cells, but these are so crowded together that they exhibit 
a pseudostratified appearance. The location of the nuclei varies; some 
are central and some are basal. The nuclei are flattened and cigar-shaped, 
and appear to touch each other. Some are wedge-shaped from pressure. 
Mitoses are frequently seen in good preparations ; in poorly fixed speci- 
mens they are difficult to find. The inner cell borders are usually clear 
and distinct, but sometimes they are ragged and seem to be crumbling 
away. In many cases the lumens of the glands are absolutely empty: 
in others they contain a variable amount of coagulated material and 
cellular debris. Occasional cells with distinct pyknotic nuclei and an 
abundance of granular cytoplasm are present in the lumens. The stroma 
undergoes the same variations as seen in the milder cases, except that 
the capillaries are fuller and the veins more dilated. 

The presence of areas of necrosis is of considerable importance. 
Schroeder,-'’’' ** stressed the frequent occurrence of these areas and their 
importance in the development of bleeding. According to him the pri- 
mar}' change in the development of these areas is a stasis of blood in 
the thin-walled, dilated vessels. This brings about disturbances in 
the nutrition of the surrounding tissue, resulting in areas of edema, 
areas of hemorrhage and areas of necrosis. Fluhmann found 
necrotic areas in a high percentage of cases and. like Schroeder, he 
considered them of great importance. He quoted the work of jMikulicz 
Radecki who, by means of a viewing instrument or hvsteroscope. noted 
hemorrhages from isolated vessels and defects in the endometriurn. The 
latter were noted especiall}- in cases of endometrial hyperplasia. Other 
authorities, notably Xovak, have considered the necroses of less impor- 
tance. Xovak stated : 

It has always seemed to me that these areas, often very small, can hardly be 
looked upon as the source of the often extremely profuse bleeding exhibited by 
these patients, and that some local biological factor must be present in the 
endometrium, increasing the permeabiliW of its blood vessels. This seems likely 
in view of the frequent gross intactness of the mucosa, even when the bleeding has 
been profuse and prolonged. 
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In another article he expressed the following opinion : “One 
cannot, as a matter of fact, be sure that the necrotic areas are not the 
result rather than the cause of the bleeding.” In our own patients we 
have frequently noted the occurrence of these areas of necrosis, and 
we believe that they are in some way connected with the process of 
bleeding. 

FACTORS IN THE BLEEDING 

The bleeding of the hyperplastic endometrium is due in some 
instances to factors other than the hyperplasia, as patients have been 
observed who had a hyperplastic endometrium yet did not exhibit bleed- 
ing. In fact, we have recently found an endometrial hyperplasia in 
the uterus of an 8 months fetus. On the other hand, there are certain 
distinct anatomic differences between the bleeding processes originating 
in the normal endometrium and those originating in the hyperplastic 
endometrium. In normal menstruation the necrosis affects the entire 
mucous membrane, and the separation of the necrotic layer takes place 
within from twenty-four to forty-eight hours. After the necrotic area 
has been cast off, the basalis lies open, and bleeding occurs from the 
stumps of the vessels. This bleeding from the basal layer is rarely 
severe and stops within a short while. In the hyperplastic mucous 
membrane the necrosis occurs in small, widely separated areas and 
gradually extends so that even two or three months may elapse before 
desquamation takes place. In fact desquamation of the epithelium down 
to the basal layer may never occur. In the hyperplastic epithelium, as 
in the normal, bleeding stops promptly when the endometrium is removed 
with the curet and the basalis is exposed. It seems, therefore, that the 
failure of the endometrium to undergo proper desquamation is an 
important factor in the profuse bleeding. Whether this is due to the 
great anatomic differences between the normal and the hyperplastic 
endometrium or to a derangement of some common factor governing 
desquamation is not clear at present. Graves made the following inter- 
esting observation in this connection: 

A study of uterine blood in functional metrorrhagia was initiated b}' making 
dail}"^ examinations of the discharge from a girl of 23 with long standing 
idiopathic hemorrhage. Later biopsy from curettage revealed a marked gland 
dysplasia. Microscopic examination failed to show the characteristic endometrial 
remnants seen in normal menstruation. This single observation taken in conjunc- 
tion with the nearly universal occurrence of clotting in our cases supports the con- 
clusion otherwise logical, that the blood in dysfunctional hemorrhage is deficient 
in or entirely lacks the secretory elements that would be evidenced by a normal 
corpus luteum. In other words, it approaches or maj' be equivalent to an ordinary 
body hemorrhage according to the extent of the functional disturbance. This prob- 
ably explains the severe and uncontrollable hemorrhages that are frequently 
encountered. 
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The factor of traumatism as a cause of bleeding has been mentioned 
by Seitz,®® and this undoubtedly plays a role in cases in which a hyper- 
plastic mucous membrane comes in contact with a submucous fibroid. 
Whether contact between the endometrium on the anterior and posterior 
walls plays a role has not been mentioned. We have noted this contact 
in cases of hyperplasia and have seen areas of hemorrhage on both sides 
at the point of contact. It is also not inconceivable that sudden increases 
in intra-abdominal pressure ma}”^ cause a rupture of one of the thin-walled 
superficial veins. Since the endometrium is directly under the control 
of the ovaries and the ovaries are under the control of the anterior 
lobe of the pituitary gland, investigators have looked to these organs 
for an explanation of the endometrial changes. As previously men- 
tioned, Shaw -■ advanced the opinion that the cause of the disintegration 
of tissue in the hyperplastic endometrium is a toxin produced in the 
ovaries. He further held that the disintegration of tissue is almost 
identical in its histologic features with that occurring during menstru- 
ation. Burch and Burch®' suggested abnormal and irregular declines 
in estrogenic substance as the causative factor for the long continued 
bleeding. It is apparent that there must be a point at which the amount 
of estrogenic hormone ceases to be sufficient to maintain the endo- 
metrium. If the amount necessary for maintenance is barely present, 
it is not inconceivable that necrosis may occur at points of lesser circu- 
lation. These points would reasonably be in the periphery of the tissue 
or close to the surface, and localized instead of generalized necrosis 
would occur. If the decline in estrogenic hormone should be of long 
duration and slight degree other areas would be slowly involved, and 
a process not unlike that seen in hyperplasia would result. Siebke’s ®® 
demonstration that estrogenic substance is present in the blood of 
patients with hyperplasia in the interval and early stages of bleeding 
but not in the late stages of bleeding is of especial importance in this 
connection. The results of Smith and Rock ®- suggest that the hormone, 
like that from the anterior hypophyseal lobe, which they found in the 
urine of patients with hyperplasia during the period of bleeding only 
may be associated with the etiology of the condition. Novak and Hurd ®° 
expressed the opinion that the bleeding is determined by a bleeding factor 
which is still unknown, but which appears to be bound up in some way 
with a disturbance in the balance between the follicle-stimulating hor- 
mone from the anterior lobe and the luteinizing hormone. 
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Fibroid tumors are generality considered to be a common cause of 
uterine bleeding, and every pathologist has seen many cases in which 
the fibroid was clearly responsible for the bleeding. In a definite per- 
centage of cases, the tumor is small, subserous or intramural and pro- 
duces no visible alteration in the endometrium. NeA-ertheless bleeding 
is present and is so severe as to demand operation. In many other cases 
there is a well marked h3^perplasia in the endometrium with a definite 
fibroid in the myometrium. In such instances one is inclined to consider 
the hyperplasia as the cause of the bleeding and the fibroid as a more 
or less unimportant accompaniment. Cases of this kind are commonly 
observed. King in a recent article stated : 

Another fact of interest bearing on the clinical side of hyperplasia is its fre- 
quent association with fibroid tumors. This is a matter of common observation, 
but there is as j'et no adequate explanation to account for it. Its frequency would 
surely exclude its being a chance relationship. It is more commonly found in con- 
nection with the smaller tumors, as the larger ones by stretching and pressure are 
likely to produce endometrial atrophy. In a series of 114 fibroids treated by 
radium, I found that 81, or 71 per cent showed hj’perplasia. The practical point 
in this connection is that bleeding associated with many of these tumors is undoubt- 
edly due to the presence of hyperplasia and not primarily to the fibroid. A further 
suggestive fact is found in the frequent combination of endometrial and myometrial 
hyperplasia, and the clinician awaits with interest any forthcoming explanation. 

Witherspoon has discussed the role of ovarian dysfunction, result- 
ing in follicular cysts, as a possible factor in the causation of fibroids. 
He reasoned that the abnormal estrogenic stimulus affected not only 
the endometrium but the myometrium as well. Since fibroids grow 
slowly, he concluded tliat an abnormal estrogenic stimulus would pro- 
duce an immediate hyperplasia and gradually developing fibroids. In a 
further stud}'^ Witherspoon and Butler investigated one hundred and 
twenty-five cases of fibroids in Negro women. The facts derived from 
their study tend to support Witherspoon’s hypothesis. They expressed 
the opinion that the enormous incidence of pelvic inflammatory disease 
in the Negro produces h)'perplasia as a result of inflammator}^ changes 
in and around the ovar3\ The same stimulus which produces the hyper- 
plasia likewise produces the myometrial growth. Clinically, the asso- 
ciation of fibroid and hyperplasia is of extreme importance. Unless 
it is definitel}* determined which is responsible for the bleeding, the 
patient may receive treatment for one and be suffering from the other. 
Under certain conditions the treatment of the two is essentially different, 
and if this point is borne in mind man}’^ proposed operations will prove 
unnecessar3^ 
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From a practical standpoint the diagnosis of endometrial hyperplasia 
is of extreme importance ; it is not always easy, and even in the best 
laboratories the percentage of errors is high, laylor “■ made the follow- 
ing statement concerning the experience at the Roosevelt Hospital : 

The work of reviewing the microscopic material had scarcelj-^ begun when it 
became clear that the problem, at least so far as the Roosevelt Hospital was con- 
cerned, depended upon the correction of diagnosis by the definition of the morphol- 
ogic characteristics of glandular h 3 ’perplasia and its clear separation from physiologic 
forms of h 3 'pertroph}’ on the one hand and from early carcinoma on the other. 

During the five year period, 1925-1929, the diagnosis of hyperplasia or hyper- 
trophy, or the apparently synonymous terms, hyperplastic or hypertrophic endo- 
metritis, were applied to 257 specimens of which, after extensive resectioning of 
material, 216 were available for satisfactory microscopic review. Of this number 
onK- 88 would probably be classed as glandular h 3 -perplasia. 

Taylor used the term ‘‘glandular hyperplasia” in reference to the 
endometrial changes which we htive described as endometrial hyperplasia. 
After reviewing our own series, we can confirm his observations. In 
our opinion the main difficulty has been in the use of the term “hyper- 
plasia.” The endometrium is a constantly changing tissue, and it is 
difficult to define the exact line at which the normal ends and the patho- 
logic begins. In the sense that hyperplasia is an abnormal multiplication 
of tissue elements, it is apparent that such a process could affect any 
of the elements of the endometrium at any phase of the cycle. There- 
fore in reviewing a series of cases we find that the diagnosis has been 
made because there is a thick stroma, an exceptionally large number 
of glands or an abnormal multiplication of cells. These changes may 
have occurred in any of the phases of the cycle and in patients who 
were menstruating normally as well as in those menstruating abnormally. 
In the sense in which 3ve have employed the term in this article it is 
limited to patients exhibiting an abnormal increase in the elements of 
the endometrium, an absence of functioning corpora lutea and a profuse 
and irregular hemorrhage. 

However, experience has shown that in many cases of pathologic 
bleeding little increase in the elements of the endometrium can be dem- 
onstrated. In some cases in which the specimen has been obtained at 
the end of a long period of bleeding one finds an endometrium similar 
to that seen in the interval phase. It is true that it is hyperplastic in 
die sense that it is further advanced in the cycle than it should be. Yet 
it IS similar to other specimens which, from the morphologic point of 
view alone,^ are considered normal. In still other specimens the bleeding 
originates in an endometrium corresponding in time relations and his*^ 
tology to the type seen in the interval phase. These patients do not 
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exhibit hyperplasia in the sense of an abnormal multiplication of tissue, 
yet there is an absence of corpora lutea as evidenced by the absence of 
progestational changes. While they do not exhibit the advanced morpho- 
logic changes of hyperplasia, clinical and experimental facts indicate 
that the changes shown are different fomis of the same process and 
are to be classified with it. The presence of an estral hyperplasia of 
the endometrium is therefore not absolutely essential to the diagnosis 
of “endometrial hyperplasia.” 

The absence of corpora lutea can be determined with certainty only 
from an examination of the ovaries. Since the retrogression of the 
corpus luteum requires several months, an ovary may contain several 
corpora and yet have none corresponding to the present cycle. A knowl- 
edge of the life history of the corpus luteum is therefore essential in 
determining whether the corpora are retrogressing or not. Nonfunc- 
tioning or deficiently functioning corpora are theoretically possible. They 
occur in the rat and mouse. No data are- available on this point in regard 
to human beings. A failure to function would manifest itself by a 
continuation of the interval type of endometrium and an absence of 
progestational changes. In the vast majority of cases the ovaries are 
not available for pathologic examination, and the presence or absence 
of functioning corpora must be established by the endometrial changes. 
If progestational changes are present, functional corpora lutea are pres- 
ent; if progestational changes are absent, functional corpora lutea are 
absent. These progestational changes affect the whole endometrium 
but are best observed in the glandular epithelium. The cell surface 
projecting into the lumen appears ruptured or frayed as if melting 
away into the mucoid secretion in the lumen of the glands, which has 
a strong affinity for mucicarmine. The cells are wider and broader than 
in the interval, and hence the nuclei are farther apart. The increase 
in the volume of the cell results in projections of the epithelium toward 
the lumen. In these projections the nuclei appear crowded together 
while in the nonprojecting portions the nuclei tend to be round and 
assume a basal position. These round, widely separated, basal nuclei 
give to the tissue a regular, orderly appearance which stands out in 
contrast to the piled up, rapidly growing cells of the interval. The 
cytoplasm loses its staining reaction and diminishes in volume. The 
compact, spongy and basal layers are well defined. In the compact layer 
one may occasionally find well developed decidual cells. If these pro- 
gestational changes are present, one is not dealing with endometrial 
hyperplasia. Before this diagnosis can be established it is essential that 
the bleeding originate in an endometrium which reflects only the changes 
produced by the estrous hormone. We have designated this as an 
“aluteal endometrium.” 
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The pathologist is, of course, dependent on the clinical history for 
the facts relating to the abnormal bleeding. Many gynecologists still 
seem to think that hyperplasia is a constant, definite, morphologic con- 
dition with stationary characteristics. They fail to realize that in many 
cases belonging to the hyperplasia group the endometrium shows little 
deviation from the normal interval type. The abnormality is not in 
the changes exhibited by the endometrium but in the lack of conforma- 
tion to the type from which normal bleeding usually occurs. Excessive 
bleeding from any type of endometrium is pathologic. Any type of 
bleeding from an aluteal type is unusual ; when excessive it is patho- 
logic, and it is this condition of excessive bleeding originating in an 
aluteal endometrium which should be designated as endometrial hyper- 
plasia. It is the function of the pathologist to determine the type and 
characteristics of the endometrium, and it is the function of the clinician 
to determine the type and character of the abnormal bleeding. Only 
by taking into account the information obtained by both can the diag- 
nosis be established. When these facts are generally realized and every 
specimen of endometrium is accompanied by a careful and thorough 
menstrual history, the diagnosis of endometrial hyperplasia will be sim- 
plified and information obtained for further advances in the study of the 
sex cycle. 

DIAGNOSIS 

Our own studies have shed some light on the difficulties of diagnosis. 
It soon became apparent that it would be impossible to study hyper- 
plasia in the same patient throughout several weeks if we were to 
depend on repeated curettings for our material. Moreover, in addition 
to the necessity for hospitalization and anesthesia, the procedure was 
found impractical, owing to the resulting disturbance of the cycle and 
the difficulty of evaluating the rate of regeneration of endometrial tissue. 
Klingler and Burch developed a method which partially overcame 
these difficulties. It consisted in applying suction to the uterine mucosa 
by a cannula inserted through the cervix. The cannula had a simple 
opening at the end and was of the size of an ordinary uterine sound. 
Suction was obtained by means of an attached syringe. With this 
arrangement it was possible to obtain small bits of tissue. The pro- 
cedure caused little pain and could be carried out in the office or dis- 
pensary. By the use of this method we obtained serial specimens of 
tissue from the same patient. The suction method was not entirely 
satisfactory, however, and the attention of one of us (Dr. Burch) was 
directed to the possibility of improving it by the intra-uterine use of the 
ordinary cup specimen forceps. Owing to the intelligent and skilful 
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cooperation of the instrument maker an intra-uterine forceps has been 
made which is entirely satisfactory. The cup is about the size of the 
bulbous end of an ordinary uterine sound, and since it is mounted on 
a flexible shaft, it can be inserted as easily as a sound. The biting out 
of the endometrium is about as painful as an ordinary pinch. The cup 
usually holds the material obtained from two bites of the forceps, and 
at each insertion of the instrument two specimens of tissue from differ- 
ent areas may be obtained. The procedure is carried out in the office 
or dispensary, and patients have been followed for as long as two or 
three months. In addition to its usefulness as a means of study, the 
intra-uterine biopsy method has done much to eliminate the use of 
the curet as a diagnostic instrument. By taking biopsies at frequent 
intervals in the course of the disease we have been able to obtain con- 
siderable information. Hyperplasia has been noted before, during and 
after a spell of abnormal bleeding; yet ovulation subsequently took 
place, the hyperplastic endometrium was transformed into a normal 
premenstrual endometrium, and a normal menstruation ensued. The 
presence of hyperplasia does not, thei'efore, exclude the possibility of 
a subsequent ovulation, the formation of a premenstrual endometrium 
and normal menstruation, unless the specimen was obtained at or very 
near the onset of bleeding. For this reason, we advocate the taking of 
specimens as near the onset of bleeding as possible. This will do much 
to eliminate errors in diagnosis. 

Grossly the appearance of the hyperplastic endometrium is somewhat 
characteristic. There are long polyp-like and fungous growths project- 
ing into the cavity. The fungous appearance may suggest carcinoma. 
Often the tissues show numerous hemorrhages between which are areas 
of normal endometrium. The thickness may be as much as several 
centimeters. Careful examination will often reveal the presence of 
many small, clear vesicles. These are characteristic. In addition there 
is no infiltration of the muscle. Experienced observers can usually 
exclude carcinoma by the presence of vesicles and the absence of infil- 
tration. Occasionally this is impossible and the question has to be 
settled by a microscopic examination. 

Since hyperplasia and cancer are both proliferative processes, it is 
not unnatural that a possible relationship between the two should have 
been suspected, and it is, in fact, sometimes difficult to distinguish 
between carcinoma and severe grades of hyperplasia. Cases of the latter, 
however, are rare and in the majority of them there is not the slightest 
resemblance to cancerous tissue. Cullen Avas emphatic on this point. 
Schroeder stated that the merging of the condition into malignancy 
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had never been observed. Novak"- was convinced that there is no 
predisposition to cancer. Hintze.'" in a clinical follow up of twent}^- 
four cases of hyperplasia, found no development of carcinoma. Mack 
considered that there is no tendency to the development of carcinoma. 
Taylor studied this point with particular care and stated : 

Whether from a practical standpoint hyperplasia is to be regarded as precancer- 
ous and treated as such remains an open question. The relative frequency of 
hyperplasia undoubtedly indicates that the individual patient with the disease is 
reasonably safe, nevertheless it appears that when hyperplasia is at all marked, the 
possibility of a predisposition to the development of cancer should be considered 
and the case regarded with the same degree of suspicion now bestowed upon the 
diffuse forms of hyperplasia of the breast epithelium. In patients of the menopause 
age and older an adequate dose of radium is particularly indicated, certainlj" as 
the most efficient method of controlling bleeding, possibly as a prophylactic measure 
against the development of cancer. 

Up to the present time we have noticed no evidence of hyperplasia 
developing into cancer in our cases. It is undoubtedl)' a rare occurrence 
and should have been noted more frequenth' if it is of causal significance. 

Hyperplasia may occur at any time in life. It is decidedly more 
common at or near the menopause. Fluhmann found that 50 per cent 
of his patients were over 35 years of age. Schroeder gave the fol- 
lowing data in regard to the age of occurrence : from 8 to 9 per cent 
of the patients were from 16 to 20 years of age ; from 8 to 9 per cent 
were from 20 to 37 ; from 82 to 84 per cent were 37 and over. The 
greatest frequenc}- was between 41 and 50. !Many other authors gave 
somewhat similar figures. In Fluhmann's series of seventy-five 
patients, 53 had had full-term pregnancies preceding the onset of the 
condition, while fourteen were nulligravidae. Eight had had repeated 
abortions and never carried a baby to term. In two cases pregnancy 
occurred after a curettage had demonstrated hyperplasia. Vaginal bleed- 
ing is the chief symptom. It is often continuous, and patients are prone 
to present themselves for treatment during the spells of bleeding. In 
twenty-six of Shaw’s fifty-three cases there was a preceding history 
of amenorrhea, and most of the other authors noted the occurrence of 
the disease after a period of amenorrhea. Preceding the onset of con- 
tinuous bleeding there may have been a long period in which menstrual 
irregularities and profuse periods were noted. In other cases the periods 
have been absolutely normal. The bleeding varies in intensity; some- 
times the flow is moderate ; in other cases it is excessive and frequently 
alarming. The presence of clots is often noted. During the time 
between periods of bleeding there is no intermenstrual discharge, unless 
the patient previously had some condition, such as gonorrhea, producino- 
an intermenstrual discharge. A well developed secondary anemia is 
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present in almost all the severe cases. The hemoglobin is frequently 
below 40 and may be as low as 25 per cent. As a result of the anemia, 
dyspnea, palpitation, faintness and headache are noted. Cramping or 
colicky pain accompanying the bleeding is generally absent. It may be 
present during the passage of clots. A unilateral or bilateral sense of 
vague pelvic discomfort is sometimes noted in conjunction with ovarian 
cysts. The discomforts of an associated prolapse are augmented during 
the bleeding spells. 

Any general debilitating condition may precede the onset of the 
disease. Pregnancy, the removal of ovarian tissue and pelvic inflam- 
matory disease are often noted in the previous history. Several of our 
cases have occurred following abortions. Constitutional habitus does 
not seem to play an especially prominent role, although one is struck 
by the frequent occurrence of the disease in obese women with hairy 
faces. 

On pelvic examination the cervdx may be slightly bluish; it is gen- 
erally soft and patulous during the bleeding. The body of the uterus 
varies in consistency, being sometimes hard and at other times doughy. 
Often it is symmetrically enlarged. A small cyst, rarely larger than 
one’s fist, may be palpated in the adnexal region. 

The condition must be differentiated from cancer, abortion, fibroid 
and unruptured ectopic pregnancies as well as from luteal polymenor- 
rhea. The patients with cancer of the body of the uterus are usually 
older and have a foul serous or watery discharge between periods of 
bleeding. Postmenopausal bleeding is more frequent in cancer than 
in hyperplasia. Abortion is suspected on account of the preceding period 
of amenorrhea and the soft, open condition of the cervdx. The age of 
the patient and the absence of cramping pain speak against abortion. 
A submucous fibroid can produce many of the symptoms of hyperplasia. 
Dysmenorrhea, the presence of a hard cervix and the tendency to main- 
tain a cyclic character are suggestive. A difficult problem is often raised 
by the preceding amenorrhea, adnexal mass and slight bleeding suggest- 
ing an unruptured ectopic pregnancy in the younger patients. Shaw 
held that the disease can be diagnosed with a moderate degree of ease 
if an accurate menstrual history is available. Our experience substan- 
tiates the view that a careful history and physical examination will often 
lead to a correct diagnosis. While the percentage of error is small, 
the results of error are serious, and we advocate a study of the endo- 
metrium before a final diagnosis is arrived at. Curettage is the general 
method of obtaining tissue. The possibility of overlooking a circum- 
scribed cancer is theoretically less Avith curettage than Avith our biopsy 
method. HoAvever, the latter method is so easy and convenient, and 
the possibility of a circumscribed cancer is so small that Ave haA^e been 
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using the method more and more. A single insertion of the instrument 
can obtain two pieces of tissue at various points in the cavity of the 
uterus, and, if one elects, the procedure can be repeated many times. 
It is therefore possible to obtain almost as many different samples of 
tissue as can be obtained by the use of the curet. Since this method 
does not require hospitalization and can be carried out on ambulatory 
patients there is no valid excuse for not confirming the diagnosis by 
an examination of the tissue. 

The prognosis of the disease as regards life is good, although fatal 
cases have been reported by Plaut and Munzescheimer."® Some 
patients, for no apparent reason, spontaneously recover, while others 
continue to bleed and require treatment. Pregnancy may occur after 
a spontaneous recovery, as mentioned b}' Fluhmann.-^’’ In other 
instances a cessation of the bleeding is followed by long periods of 
amenorrhea which are permanent in the older age groups. 

The disease is particularly amenable to treatment, and cures can be 
obtained by the use of hormones, radiotherapy, curettage and hysterec- 
tomy. Recent experiences with the so-called anterior pituitary hormone 
obtained from the urine of pregnant women have been most encourag- 
ing. Owing to the similarity of action between it and substance from 
the anterior lobe it was called prolan by its discoverers, Zondek and 
Aschheim.^® Collip found a somewhat similar substance in the pla- 
centa. The experiments of Reichert, Pencharz, Simpson, Meyer and 
Evans and of Hill and Parkes have cast some doubt on the hypo- 
physeal origin of the substance, and it is not improbable that it acts 
by stimulating the hypophysis, which in turn stimulates the ovary. Good 
results could be explained as due to the rise in estrogenic substance 
which would cause a regeneration of the endometrium and a cessation of 
the bleeding. As previously mentioned, there is a good deal of evidence 
pointing to a decrease of the estrogenic substance in the blood as being 
responsible for the degenerative changes resulting in bleeding. Owing 
to the excessive luteinization of the ovaries of experimental animals 
the substance came to be known generally as the anterior pituitary 
luteinizing substance, and as a result there was a tendency to attribute 
good results in human beings to luteinization. In the discussion of 
Novak and Hurd’s article on the results obtained with the so-called 
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luteinizing hormone from the anterior pituitary lobe, Geist®" reported 
a series of twenty-two women who were treated with this material 
preoperatively and whose ovaries showed no excessive luteinization. In 
closing the discussion Novak s'" expressed the belief that the effect of 
bleeding is due not to the histologic effect but to an effect on some 
unknown factor causing the bleeding. Klingler and Burch reported a 
case in which serial biopsies were made. They concluded that the extract 
may exercise its immediate effect without producing progestational pro- 
liferation. We have found it most efficacious if given in doses of 100 
rat units daily at the time the patient is seen, if bleeding is present; 
if there is no bleeding, the same amount is given, starting on the first 
day of the period and continuing until it stops. Usually the bleeding 
will stop within a reasonable time following this treatment. The extracts 
are somewhat unstable, and fresh preparations should be obtained if 
possible. Scattered reports from abroad indicate good results from 
commercial extracts of corpus luteum. As yet these extracts are not 
available in this country. Novak has repeatedly called attention to the 
X'ationale of this procedure. Favorable results have also been reported 
from parath3Woid extract-Collip and from insulin and thyroid extracts. 
In cases in which hormone therapy fails one must turn to the older forms 
of treatment. Radium and roentgen rays find their greatest field of 
usefulness near the menopause, and the results are brilliant. By the 
use of the biopsy method and roentgen rays, hospitalization can be 
avoided in suitable cases. In very young patients curettage gives relief 
from the bleeding and furnishes an opportunity to correct any consti- 
tutional disturbance which may have been present. It should be repeated 
several times before a more radical form of treatment is decided on. 
Some years ago Dr. R. S. Hill,®' of Montgomery, Ala., advocated injec- 
tions of a solution of formaldehyde into the cavity of the uterus. He 
failed to publish his method, and it is therefore relatively unknown. 
Ochsner and Sullivan ®® have modified Hill’s method and have stated : 

Instead of injecting; the full strength formalin into the cavity, we pack the 
cavity for two minutes with plain sterile gauze saturated with full strength 
formalin. This procedure is, we believe, at least as effective as radiation and has 
none of its objections. 

We have had no experience with the method of treatment suggested 
by Hill, but we intend to try it. After the failure of conservative 
methods, hysterectomy with retention of one or both ovaries is prefer- 
able to large doses of roentgen rays or radium in patients of the age 
group between puberty and the menopause. 
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87. Hill, R. S. : Personal communication to the author. 

88. Ochsner, E. H., and Sullivan, J. Kenneth: Illinois IM. J. 61:316, 1932. 



Notes and News 


University News, Promotions, Resignations, Appointments, etc. 
Appointments and changes in title have been made at the University and Bellevue 
Hospital Medical College in New York as follows : Douglas Symmers. professor 
of pathology and director of the pathologic laboratory; Irving Graet, assistant 
professor of pathology; J. A. Klosterman, associate professor of bacteriology; 
Maurice Brodie, assistant professor of bacteriology. 

John R. Schenken has been appointed instructor in pathology in Georgetown 
University, Washington, D. C. 

At the University of Witwatersrand, Johannesburg, South Africa, a professor- 
ship in forensic medicine has been established in cooperation with the government 
in order to secure better medicolegal service. Tiie professor of forensic medicine 
will act also as the chief district surgeon or medical examiner for Johannesburg. 

Appointments by Medical Fellowship Board. — At the meeting of the Medi- 
cal Fellowship Board of the National Research Council, March 31, 1934, the 
following appointments were made; Ralph W. Barris, neurology; Harold Blum- 
terg, biochemistry; Dean A. Clark, neurology; Jack M. Curtis, biochemistry; 
Henry S. Dunning, pathologj'; Harry B. Friedgood, physiology; Benjamin F. 
Miller, medicine; Myron Prinzmetal, cardiovascular physiology and pathology; 
Robert Tennant, pathology. 

Society News. — The officers of the American Society for Experimental 
Pathology for 1934-1935 are: S. B. Wolbach, president; Oskar Klotz, vice- 
president; Shields Warren, secretary-treasurer. 

E. L. Opie has been elected president of the Society for Experimental Biology 
and Medicine; P. E. Smith’ vice-president; A. J. Goldforb, secretary-treasurer. 

The new officers of the American Society for the Control of Cancer are : 
Burton T. Simpson, president; Henry K. Pancoast, vice-president; J. M. Wain- 
wright, secretary; Calvert Brewer, treasurer; James Ewing, chairman of the board 
of directors. 

The recently elected officers of the American Association for Cancer Research 
are: Millard C. Marsh, president; E. T. Bell, vice-president; William H. Woglom, 
1145 Amsterdam Avenue, New York, secretary-treasurer. 

The newly elected officers of the American Association of Immunologists are; 
Francis G. Blake, president; A. F. Coca, secr.etary and treasurer. The next 
meeting will be held at Cornell University Medical College, New York, on 
April 17 and 18, 1935. 

At its recent meeting in Toronto the American and Canadian Section of the 
International Association of Medical Museums elected William Boyd president, 
Virgil H. Cornell vice-president and Maude E. Abbott, McGill University, 
Montreal, secretary-treasurer. 

T. M. Rivers and J. H. Northrop, members of the Rockefeller Institute for 
Medical Research, have been elected to membership in the National Academy of 
Sciences. 

American Type Culture Collection.— In 1911 a Bacteriological Collection 
and Bureau for the Distribution of Bacterial Cultures was established at the 
American Museum of Natural History in New York City with C. E. A. Winslow 
as curator. Its catalog, issued in 1912, contained 350 species. In 1922 this collec- 
tion was placed in the care of the Army Medical Museum in Washington. In 
1925, through the urging of the Division of Medical Sciences of the National 
Research Council, the General Education Board made an appropriation of $24,000 
for the maintenance of the collection, to be paid over a period of five j^ears. ' At 
this tune 175 cultures, which represented what remained of the collection, were 
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transferred to Chicago as the nucleus of the American Type Culture Collection. 
The collection was placed in the care of the John McCormick Institute for Infec- 
tious Diseases, under the direction of a committee representing the Society of 
American Bacteriologists, the American Phyto-Pathological Society, the American 
Zoological Society and the American Association of Pathologists and Bacteriol- 
ogists. The expense of maintaining and developing the collection has been provided 
by the grant- of $24,000 from the General Education Board covering five years, 
a grant of $10,000 made in 1930 by the Rockefeller Foundation, an annual contribu- 
tion of $400 from the Society of American Bacteriologists, a few contributions 
from commercial sources and the income from the sale of cultures. At first $1 was 
charged for. cultures, but in 1931, when the support from the General Education 
Board terminated, the price was raised to $2 in order to eover expenses. From 
1925 to 1933, 36,294 cultures were supplied to teaching institutions and others. 
The collection in Chicago now contains about 1,300 cultures. The preservation of 
the collection on the present scale is dependent almost entirely on the income 
from the sale of cultures. General support of the collection is earnestly requested. 
Those who describe new species are urged to deposit them with the collection. 
The address of the collection is 629 South Wood Street, Chicago. 

Doctor of Medical Science. — The degree of Doctor of Medical Science has 
been authorized for graduate study by Columbia University on the ground that 
such a degree is needed to identify specially trained physicians. Three years’ 
training after internship with original graduate medical work will be required 
of candidates for this new degree. 



Obituaries 


WILLIAM HENRY WELCH 
1850-1934 

The death of Dr. Welch on April 30, after a long though relatively 
painless illness that confined him to the hospital for fourteen months, 
leaves medicine in America deprived of one who was perhaps its greatest 
figure. No other person has contributed so much toward the develop- 
ment of medical education with the introduction of a new attitude 
toward medicine. His work in pathology and bacteriology was followed 
by a broader new conception of the organization of public health control 
and the establishment of a new school of hygiene and public health. 
And, as though this were not enough for one man, in his later years 
he aroused an intense interest in the history of medicine and founded 
the present institute devoted to that subject. But these three lines of 
activity which, as others have said, represent three periods in his career, 
are after all of less significance to this country and to the world in 
general than the extraordinary influence of his personality and his 
recognized wisdom, which made him sought out by all great foundations 
and governmental bodies for his advice in their undertakings. He was 
president at one time or other of most of the prominent scientific and 
medical associations and of the boards of scientific direction of such 
centers of research as the Rockefeller Institute, and at home he was 
the constant ideal last source of counsel and wise decision. In problems 
of research or any new plan, the question was always, “What will 
Dr. Welch think of it?” 

Dr. Welch was born in Norfolk, Conn., on April 8, 1850, the son of 
an able and gifted physician. Dr. William Wickham Welch. After 
graduating at Yale and later in medicine at the College of Physicians 
and Surgeons of Columbia, he was an intern at Bellevue Hospital. In 
1876, he went to Europe, where he worked in histology with Waldeyer 
and in chemistry with Hoppe Seyler at Strasbourg, and later with 
Wagner at Leipzig, and with Ludwig. Ludwig advised him to go to 
Cohnheim in Breslau, and, after a particularly stimulating semester 
there, where he completed his study of pulmonary edema, he visited 
Klebs in Prague and Chiari and others in Vienna. 

When he came back to New York he was, after an interval, estab- 
lished in Bellevue Hospital Medical College, where he was given a 
laboratory and abundant material for the study of pathology. In Europe, 
he had been fortunate in being associated with such fellow students as 
Weigert, Ehrlich, Salomonsen and many others, and in New York he 
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had the fellowship of Prudden and the friendship of such men as Alonzo 
Clark, Delafield and the older Flint. 

For six years he worked in New York, attracting eager students 
to his autopsy demonstrations and laboratory work. Then came his 
appointment to the professorship of pathology in the Johns Hopkins 
University in 1884. He spent that 3 'ear in Europe, immersed in the 
new discoveries of Koch, Pasteur, Pettenkofer and others. As Tom- 
linson said, “Could Sinai itself impose its revelation on a climber, who 
was no Moses?” but though others in his time had gone in numbers 
to Europe to stud}'-, he brought back the spirit and impulse that stirred 
America to the enormous effort that has changed the whole of medicine. 

He returned in 1885 to Baltimore to begin work with a group of 
enthusiastic assistants, among whom were Councilman, Halsted, Mall, 
A. C. Abbott, Reed and Niittall. The 3 '-ears until the opening of the 
medical school in 1893 were most productive, and Dr. Welch to the last 
loved to recall “that little group” with whom he plunged into the new 
bacteriology and immunity. Flexner arrived just before the medical 
school opened and remained until 1899, during which time he was much 
associated with Dr. Welch in studies of diphtheria and other subjects. 

The influence of Dr. Welch in the choice of the first faculty of the 
School of Medicine seems to have been paramount, and there can be no 
doubt of the happiness of that selection. Osier, Halsted, Kelly, Mall 
and Abel were there, and during those years there was always a feeling 
in the school that any troublesome problem could be referred to Dr. 
M^elch, with confidence in the wisdom of his reply. His lectures on 
patholog}' were most stimulating and suggestive, and his whole attitude 
stirred his assistants to great effort. 

In 1917 he resigned from the chair of pathology and devoted himself 
to the broad problems of public health, with the new School of Hygiene 
as his headquarters. During that time, as always, his advice was sought 
on all sides. With the completion of each new institution for medical 
research, it was hoped that he would give the opening address, and 
he gave many of these, which were always inspiring to the workers in 
those places. His association with the varied activities of the Rocke- 
feller Foundation took him' twice to China, especially in connection with 
the newl}^ founded Peking Union Medical College, and on other trips 
to Europe he was the honored guest of speaker on many occasions. In 
1926, he resigned from the directorship of the School -of H 3 'giene in 
order to devote himself to the history of medicine, for which a new foun- 
dation was set up. He went to Europe and everywhere sought out,_ and, 
with profound knowledge, chose books for the new institute. While he 
was away the Welch Library, which was to house the Institute of the 
History of Medicine, was planned and built, and on his return it was 
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opened with suitable ceremony. The photograph shown here was taken 
on this occasion in October 1929. Dr. Welch became emeritus professor 
of the history of medicine in 1931. 

His writings are characterized by a remarkable clearness of style 
and a really extraordinary wealth of knowledge of the literature. They 
are long and detailed, but make delightful reading. His was a mind 
open to every source of information, completely free from prejudice and 
judicial in type, so that he carefully weighed statements on one side or 
the other and expressed his opinion after this precise balancing of 
the evidence. 



WILLIAM HENRY WELCH, M.D. 
1850-1934 


His most important contribution to the facts of medicine are perhaps 
his discovery of the gas bacillus and his studies in diphtheria, hog chol- 
era and the structure of thrombi, but his splendid papers on thrombosis 
and embolism and on fever and other subjects are of lasting value. 
Then, too, his expression in various papers and addresses of his ideas 
concerning medical education, public health and the organization of 
institutes of I'esearch will always be treasured and studied by medical 
men and those responsible for medical advances in the future. 

He was, as every one knows, a most lovable character, entirely free 
from any undue sense of his own importance, so that he was accessible 
to all and so friendly that probably much of his time was occupied by 
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constant visitors. His friends were innumerable, and he was often the 
generous host at dinner at the Maryland Club. In the early days he 
spent much time there with a small group, including Dr. Halsted, Major 
Venable and Mr. Hambleton, in spirited conversation in a small room 
which has ever since somehow retained the memory of those meetings. 
They were epicures, too. Dr. Welch perhaps the most discriminating 
of all, and there was some truth in the New York prophecy that in 
Baltimore he would become an epicurean judge of terrapin and madeira. 
Later, he was for many years until his death president of the University 
Club and spent much time in its excellent library. 

His memory was phenomenal, and no last detail seemed ever to 
fade out, although he read constantly such works as the “Encyclopaedia 
Britannica” and the “Dictionary of National Biography.” Nor were 
his own experiences through a long life any more evanescent, for he 
could at any time recount in detail the happenings of his school days or 
of a long past stay in Europe. His command of medical literature, 
whether relating to pathology or to the history of medicine, was remark- 
able, too, and he gave many astonishing revelations of it. 

He was, of course, honored in many countries by their universities, 
which conferred degrees or medals or some other distinction. On the 
twenty-fifth anniversary of his doctorate, a great volume of papers was 
published in his honor, and on his eightieth birthday every country vied 
with America to do him honor. His face is perpetuated in the Sargent 
portrait and in other portraits, notably one by Corner; a bronze bust 
stands in the Welch Library, and there is a moving talking picture in 
which he is seen recounting the experiences of his life. 

It was a very perfect life, of great significance to the world, and 
on the whole intensely interesting and happy for himself. There was 
nothing to regret at any point, and his intellect and wisdom and remark- 
able sympathetically controlling personality were expressed to the full. 

The organization of education in medicine, public health and the his- 
tory of medicine owes its origin and progress largely to Dr. Welch's 
efforts and wisdom, and, beside that, his personal influence has been 
felt through all these years as a compelling inspiration to his many 
students who have carried his ideas all over the world. 

His death is an irreparable loss, but his memory will not fade and 
will continue forever its stirring influence transmitted by those who 

knew him. William G. MacCallum, M.D. 



Abstracts from Current Literature 


Pathologic Anatomy 

Atresia of the Tricuspid Orifice. George R. AIurphy and Leo F. Bleyer, 
Am. J. Dis. Child. 46:350, 1933. 

A case is reported with postmortem observations of an infant about 4 months 
old showing congenital atresia of the tricuspid orifice with an interventricular 
septal defect, a patent foramen ovale and a rudimentary right ventricle. In addi- 
tion to the cardiac condition, there was diffuse bronchopneumonic solidification, with 
delayed resolution and beginning cyanosis and dyspnea. If one includes the case 
of Cathala and Tisserand, this case is about the fifteenth reported showing this 
anomaly of the heart. Authors’ Summary. 

Congenital Absence of Gallbladder and Extrahepatic Ducts. J. Mont- 
gomery Deaver, Am. J. Dis. Oiild. 46:356, 1933. 

A white girl presented no abnormality until 6 weeks of age, when there began 

to be noticeable icterus. The icterus varied in intensity from day to day; the 

stools were clay-colored, and the urine was dark. There was a tendency toward 
constipation, and the child did not gain normally in weight. Repeated examinations 
of the stools and urinalyses gave negative results for bile pigment. The icteric 
index was 60, and the fragility test gave normal results. The Wassermann and 

Kahn tests were negative. The child died at the age of 1 year and 12 days. At 

necropsy the gallbladder could not be found, and careful dissection failed to reveal 
evidence of extrahepatic ducts. Both macroscopically and microscopically the liver 
showed marked biliary cirrhosis, with proliferation of the intrahepatic ducts. The 
papilla of Vater was absent. The spleen showed passive congestion, fibrosis of the 
pulp and hemosiderin pigmentation. Ralph Fuller 


Fetal Endomyocarditis : Intrauterine Infection as the Cause of Con- 
genital Cardiac Anomalies. Sidney Farber and John Hubbard, Am. 
J. M. Sc. 186:705, 1933. 


Fetal endomyocarditis as one of the causes of congenital heart disease is dis- 
cussed. A summary is given of ten cases recorded in the literature and of four 
cases observed by the authors. The patients were all free from congenital syphilis. 
In each of the fourteen cases there was gross as well as microscopic evidence of 
old infection. In view of the early death of each infant it appears that the 
infectious process must have occurred during intra-uterine life. The nature of 

the infection is uncertain. a > 

From the Authors Summary. 


Structure and Function of Filaments Produced by Living Red Cor- 
puscles. John Auer, Am. J. M. Sc. 186:776, 1933. 

The living red corpuscle of the guinea-pig, rabbit and dog and of man in 
hanging-drop preparations produces from one to five almost colorless, tapering, 
elastic filaments varying in length from 5 to 75 microns. Filaments may apparently 
arise from platelets. The filaments may appear within a few minutes after a 
hanging drop is made and may be readily detectable for more than twenty-four 
hours. They are composed of twisted fibrils, which in turn are composed of 
invisible subfibrils. The filament, fibril and subfibril are not sticky. 
The filament is motile and rotates around its long axis to the right and to the 
left; when one direction predominates, this ultimately causes a shortening. The 
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filaments anchor themselves peripheral!}^ to other red corpuscles, blood shadows, 
platelets or the edge of the drop. Their shortening distorts and compresses the red 
corpuscles into various shapes and may produce a microcyte with dense hemoglobin 
content. The filament may tear peripherally and roll up into a ball, change into 
a chain of refractile beads or thicken into a refractile rod. All these changes are 
reversible. The beads and the filament are not doubly refractile ; both may appear 
free in the serum and execute active movements. Single free beads resemble blood 
dust, but are more lively at first. The formation of filaments is decreased or 
abolished by sufficient amounts of sodium oxalate, hirudin and heparin, but the 
formation of filaments is more resistant to these substances than the formation of 
fibrin from plasma fibrinogen. These filaments are probably the agents that cause 
the deformation of cells in sickle cell anemia. No contraction or intrinsic movement 
of typical fibrin threads from plasma fibrinogen was ever seen. 

Author’s Summary. 

Cardiac Weights. Victor Levine and James G. Carr, Arch. Int. Med. 52:429, 
1933. 

Sixty-four human hearts were divided and weighed according to the method 
described by Herrmann. These included normal hearts, hearts from persons who 
had died of some form of wasting disease, hypertensive hearts, hearts from persons 
who had died of rheumatic disease and hearts from persone who had died of cardio- 
vascular syphilis, with and without involvement of the aortic valves. In patients 
dying of wasting disease the weight of the heart decreases slightly less than that 
of the body in general. In patients with rheumatic deformity of the mitral valve 
alone the increase in the weight of the heart is due to an increase in the weight 
of the right ventricle and of the auricles. In large hearts of persons suffering from 
rheumatism or syphilis with regurgitation at the aortic valves, the entire heart 
hypertrophies, but the greatest increase is in the left ventricle. The assumption 
that the left ventricle alone shows definite hypertrophy in cases of syphilitic aortic 
regurgitation of some duration is not acceptable. In the production of cardiac 
hypertrophy mechanical factors are not solely effective. The figures for the large 
hearts of persons with syphilis show diffuse cardiac h 3 'pertrophy whether or not 
aortic regurgitation was present. The size of hypertensive hearts without valvular 
disease does not equal that of hearts in which long-standing valvular defects are 
found at the aortic orifice. In the hypertensive type, however, the proportionate 
increase in the size of the left ventricle is greater than in other groups. A com- 
parison of our work with that of Herrmann shows that the left ventricular weight 
right ventricular weight quotient of man is greater than that of the dog. The 
total ventricular weight/body weight quotient is twice as great for the dog as 
for man. The customary method of determining the thickness of the ventricular 
walls at autopsy is apt to be misleading as to the presence of right ventricular 
hypertrophy, which may be overlooked. The results obtained by the method that 
we employed and those obtained by Lewis with his method are similar for normal 
hearts and hearts with syphilitic lesions; they are approximately alike for hearts 
with rheumatic valvular deformity. In hypertensive hearts and the hearts of persons 
suffering from nephritis the results obtained by the two methods do not agree. 

Authors’ Summary. 


Xanthomatosis and the Central Nervous Sy'Stem (Schuller-Christian 
Syndrome). Charles Davison, Arch. Neurol. & Psychiat. 30:75, 1933. 

Davison reports the forty-ninth case of xanthomatosis, in a_ man, aged 29: 
osseous defects, especially of the cranium ; falling out of teeth ; diabetes insipidus, 
and an increase in total fat, but absence of exophthalmos. The cholesterol content 
of the blood was normal. The anatomic changes were mainly plaques in the white 
substance of the brain, cerebellum, pons, medulla and basal ganglions. The}' 
appeared as areas of demyelinization which also contained fat granule bodies filled 
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with lipoids and were associated with marked reactive glial phenomena — the forma- 
tion of large cytoplasmic glia cells. Around the tuber cinereum and in the visceral 
organs were large deposits of lipoids. The ganglion cells were, as a rule, preserved, 
but were destroyed in the tuber cinereum, which was sclerosed and fibrosed. 
Davison like other investigators considers the condition a lipoid (cholesterol) dis- 
turbance which resembles other conditions of disturbances of lipoid metabolism — 
Gaucher’s disease, Niemann-Pick’s disease and amaurotic famih' idioc}-. 

G. B. H.\ssix. 

klEGALENCEPHALY WITH DIFFUSE GlIOBLASTOMATOSIS OF THE BrAIX StEM AND 

THE Cerebellum. Arthur Weil, Arch. Neurol. & Psychiat. 30:795, 1933. 

Diffuse glioblastomatosis is regarded as a hj'perplasia of glial elements through- 
out the brain. There may also be an increase in the size of the nerve elements. 

A boy who appeared normal at birth had a large head. At the age of 6 years 
and 4 months he showed apathy and a staggering gait, morning vomiting, drooling 
of saliva, slurring speech, exaggerated reflexes and the Babinski sign. The con- 
dition grew progressively worse and death occurred following bronchopneumonia. 

The weight of the brain was 1,856 Gm. ; the number of ganglion cells was 
apparently reduced without increase in the number of glia nuclei ; there was a mild 
vascular infiltration in the white substance. In the diencephalon and midbrain 
the glia nuclei were increased in number, while the pons, the medulla, the roots 
of the cranial nerves and the cerebellum were densely infiltrated by glia cells. 
The ganglion cells were preserved. The pons, medulla, midbrain and thalamus 
were increased in size, with glioblastomatosis, but the enlargement of the cerebral 
hemispheres and corpora striata could not be explained by this neoplastic process. 
The frontal cortex was increased in thickness 45 per cent and the temporal cortex 
30 per cent, but the number of ganglion cells was not increased. The hypertrophy 
of the cortex and corpora striata was due to isolated hypertrophy of the neuroglia, 
while the glioblastomatosis was confined to the brain stem, cerebellum and upper 
part of the cervical spinal cord. Glioblastomatosis is a diffuse process which begins 
simultaneously in different regions of the central nervous system. It differs from 
diffuse gliosis, in which there is hyperplasia of adult normal glia cells. 

G. B. Hassix. 


Impactiox of a Neuro-Epithelial Cyst ix the Third Vextricle of the 
Brain. Carl O. Binder and Paul R. Cannon, Arch. Neurol. & Psychiat. 
30:880, 1933. 


A cystic tumor of the third ventricle is described in a woman who complained 
of acute dimness of vision, severe headache, projectile vomiting and severe pain 
over the right eye and in the temporal region. A few hours later she became 
comatose and died. There was an almost complete occlusion of the third ventricle 
by a cyst attached b}' a stalk to the anterior margin of the right choroid plexus. 
The contents were gelatinous, and the wall had an outer fibrous coat and an inner 
la 3 'er of cuboid and columnar ciliated epithelial cells. Some of the latter contained 
blue or yellowish-brown granules. The authors prefer the term “neuro-epithelial 
cyst” to “colloid cyst.” q -q Hassix. 


Contracted Kidney Due to Pyelonephritis. W. T. Loxgcope and W. L. 

Winkenwerder, Bull. Johns Hopkins Hosp. 53:255, 1933. 

Nine patients have recentlj" come under observation, five of whom have died 
in uremia and have been examined at autopsy. Most of the patients were women, 
and the disease in each case was probably of long duration. The course in some 
cases was characterized by attacks of pj-uria accompanied bj' pain in the lumbar 
region and sometimes by fever. In some patients the course was practical!}- 
symptomless until uremia suddenly appeared. In five of the nine cases there was 
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hypertension, while in four the hypertension was combined ‘ with hemorrhagic 
retimtjs and arteriosclerosis of the retinal vessels. In the cases of hypertension 
there was rarely edema unless cardiac failure occurred. In all the patients dry 
skin, progressive anemia and polyuria were present. There were no evidences of 
cystitis, except in one patient. Pyelograms showed irregularities of various types 
in the size and shape of the kidneys, pelvis and calices. The specific gravity of 
the urine was constantly low, and the amount of albumin was small. Casts were 
rarely present; red blood cells were scarce or absent, except in one patient with 
ulcers of the bladder. Ewdence of impairment of renal function appeared some- 
times years before death and occasionally progressed to a remarkable degree with- 
out serious symptoms. Death came in uremia. At autopsy the kidneys were 
reduced in size, extremely uneven, scarred and distorted and showed irregular, 
slightly dilated pelves, which presented varying degrees of inflammation. Micro- 
scopically, areas of inflammation or retracted scars running from the cortex 
replaced large portions of renal tissue. Between these areas the comparatively 
normal kidney tissue was irregularly disposed. There was no gross obstruction 
to the flow of urine. It is not clear whether the disease arises from bilateral 
hematogenous infection of the kidneys or from an ascending infection from the 
bladder. At the time of writing treatment was being directed toward obtaining 
adequate drainage of the pelvis of the kidney. 

From the Authors’ Summary. 

Lymphoid Tissue in the Substance of the Kidney. J. W. S. Blacklock, 
J. Path. & Bact. 37:504, 1933. 

Foci of lymphoid tissue containing perfectly formed lymph follicles with germ 
centers were present in the cortex and, to a less extent, in the medulla of a kidney 
which was the seat of multiple subacute abscesses and inflammatory infiltration 
following scarlet fever. 

Pathologic Histology of the Omentum. P. Jebel, Beitr. z. path. Anat. u. 
z. allg. Path. 91:441, 1933. 

The occurrence of metastases of gastric carcinoma in the omentum and the 
possible relation of such metastases to lymphoid tissue led to a histologic examina- 
tion of the omentum in eighty-four cases which came to necropsy in persons of 
various ages from childhood to old age. The perivascular cellular accumulations 
that form the millo'- patches of the omentum of the new-born infant and of lower 
animals were not seen. The lobules of fat on the surface and margin of the 
omentum are bounded by a fine fringe of connective tissue, by means of which the 
omentum becomes attached to surrounding structures when acutely inflamed. 
Lymphoid follicles are present in the gastrocolic ligament at its attachment to the 
greater curvature of the stomach, but none was found in the omentum itself. 
Although metastasis of tumors to the omentum by way of the blood stream is 
possible, metastasis occurs usually by implantation and not by retrograde lymphatic 
transport of tumor cells. Atrophy of the omentum in cachectic states is due to 
disappearance of fat ; the connective tissue framework becomes relatively prominent 
and may form whitish patches. Chronic inflammation of the omentum is associated 
with the presence of fibroblasts, histiocytes, lymphocytes and plasrna cells, but 
lymphoid follicles are not formed. Leukocytic infiltration in acute inflammation 
is due to emigration of leukocytes from the vessels of the omentum. 

O. T. Schultz. 

Rhinoscleroma at Necropsy. W. Nowicki, Beitr. z. path. Anat. u. z. allg. 
Path. 91:457, 1933. 

Although rhinoscleroma is a common disease in the portion of Poland in which 
Lemberg is situated, few persons with this disease are seen on the necropsy table, 
evidently because the disease is rarely the immediate cause of death or of a terminal 
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illness that leads to hospitalization. In Nowicki’s institute at Lemberg 23 cases 
of rhinoscleroma were encountered at necropsy within thirty-six years in a total 
of 31,962 necropsies. The disease may be the cause of sudden death through 
asphyxia or through hemorrhage complicating tracheotomy. Nowicki included in 
his series 8 cases of this type from the local medicolegal institute. Males and 
females were equally affected. Most of the cases occurred in young persons; 5 
occurred in the age period of from 11 to 20 years, and 17 in the decade of from 
21 to 30 years. The process was not limited to any particular portion of the upper 
respiratory tract. The larynx was most often involved, but usually in association 
with the nose, trachea and primary bronchi. Four anatomic forms arc described: 
nodose, tuberous, diffuse and cicatricial. The essential features of the 31 cases 
are presented in tabular form. . O. T. Schultz. 

Involvement of the Appendix in the Prodromal Stage of Measles. 

W. Fischer, Beitr. z. path. Anat. u. z. allg. Path. 91:475, 1933. 

This is another of the rare instances in which the diagnosis of acute appendicitis 
during the prodromal stage of measles furnished the pathologist an interesting 
specimen for histologic study. The lymphoid follicles contained numbers of the 
peculiar giant cells first described independently by Warthin and by Finkeldey 
as present in the tonsils in measles and by Finkeldey as present in the appendix. 
Fischer suggests the histologic examination of Koplik’s spots [Davidsohn, I., and 
Mora, J. M.: Appendicitis in Measles, Arch. Path. 14:757, 1932]. 

O. T. Schultz. 

Reduplication of the Right Auricle of the Heart; Unusual Changes 

IN the Pulmonic Arteries Associated with Patent Foramen Ovale. 

H. Gombert, Beitr. z. path. Anat. u. z. allg. Path. 91:483, 1933. 

Reduplication of a cardiac atrium unassociated with other gross malformations 
of the heart is a rare anomaly. Gombert could collect only fifteen instances from 
the literature. In fourteen the left auricle was double ; in only one other case was 
there reduplication of the right auricle similar to the condition described. Botli 
cases occurred in adults, Gombert’s patient being a woman, aged 42. The left 
auricle was enlarged, and its wall was hypertrophied. The right auricle appeared 
small externally. It consisted of two cavities, each the size of a walnut. The 
superior vena cava emptied into the middle auricle. The inferior vena cava opened 
into the lateral portion of the duplicated right auricle, but delivered most of its 
blood into the left auricle through a large foramen ovale. The two parts of the 
right auricle communicated with each other by a small opening through the septum 
that separated the two parts. The anomaly is ascribed to a failure of union of 
the primitive auricular septum. In another case, also in a woman, aged 42, an 
open foramen ovale and hypertrophied right side of the heart were associated with 
peculiar changes in the terminal branches of the pulmonic artery in the lungs. 
A proliferation of the endothelium at the point of division of the small arteries acted 
as a sort of valve. Beyond this point the vessel was tortuous and angioma-like. 
The condition is ascribed to the altered mechanics of the pulmonary circulation. 

O. T. Schultz. 


Reaction of Subcutaneous Connective Tissue to Injected Finely Divided 
Stone Dust. E. Benecke, Beitr. z. path. Anat. u. z. allg. Path. 91:503, 1933. 

For the experimental work reported finely divided stone dust was used. It 
contained 56 per cent silicic acid and 18 per cent iron oxide. More than 70 per 
cent of the particles were 5 microns or less in diameter. Rabbits, guinea-pigs and 
rats were used. A 20 per cent suspension of sterile dust was injected subcutaneously 
or intraperitoneally. The dose varied from 3 to 6 cc., depending on the species of 
animal and the route of injection. There were no changes in the tissues that could 
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be ascribed to the chemical activity of the injected material. The only reaction was 
the formation of a foreign body granuloma. In a third of the rats there was noted 
necrosis with softening of the centers of the subcutaneous nodules, similar to what 
occurs in silicotic nodules of the human lung. Intraperitoneal injection led to the 
formation of silicotic granuloma in the spleen and liver in two rats, similar to the 
change noted in these organs in some cases of human silicosis. 

O. T. Schultz. 


Atherosclerosis of Cerebral Arteries. K. Wolkoff, Beitr. z. path Anat 
u. z. allg. Path. 91:515, 1933. 

Wolkoff reports the results of a histologic study of normal and pathologic 
cerebral arteries in eighty-nine necropsies of persons ranging in age from 2 to 81 
years. The pathologic study relates to atherosclerosis, which is compared with 
the same process in other arteries. Since the work was done in Anitschkow’s 
institute, infiltration with lipoid is accepted as the primary process in athero- 
sclerosis. This process in the cerebral arteries differs in none of its essential 
features from that in the aorta and the coronary arteries. Infiltration with lipoid 
occurs in previously normal vessels and is usually localized at the mouths of the 
larger arteries at the base of the brain or at the origin of their side branches or 
in the more convoluted portions of the vessels. At these points the intima is 
normally thicker than elsewhere. Marked atherosclerosis of the larger arteries 
was occasionally associated with diffuse infiltration of their smaller branches with 
lipoid. As compared with the aorta and coronary arteries minor differences were 
the later development of atherosclerosis in the cerebral arteries, the lesser degree 
of calcification and the slight evidence of regressive or reparative changes. 

0. T. Schultz. 

Changes in the Blood Due to Xylene. Maria Farber, Beitr. z. path. Anat. 
u. z. allg. Path. 91:554, 1933. 

This is a repetition of some earlier work of Woronow, who claimed that 
derivatives of benzene with a methyl grouping cause changes in the blood of rabbits 
similar to those of leukemia. In Farber's experiments, 1.5 cc. of xylene in an 
equal quantity of olive oil was injected subcutaneously into rabbits twice daily. 
Changes similar to those noted by Woronow resulted. These were hyperleukocy- 
tosis, a shift to the left in the leukocytic formula, the appearance of monocytes and 
of degenerated and young cells of the granulocytic series and hyperplasia of the 
bone marrow. Farber found the hyperleukocytosis to be transient. Since this 
change and the shift to the left did not occur when rabbits were subjected to 
inhalation of xylene, she concludes that these alterations were the result of the 
local irritating and inflammatory action of the injected xylene. The degenerative 
changes in the leukocytes were the result of the toxic action of xylene ; they occurred 
after both the injection and the inhalation of the substance. They are not specific 
for the methyl grouping of the compound, and the altered blood picture cannot 
be homologized with that of leukemia. q Schultz. 

Influence of Cerebral Development on the Facial Skeleton. E. Ham- 
mer, Beitr. z. path. Anat. u. z. allg. Path. 91:570, 1933. 

Conclusions relative to the influence of development of the brain on the skeleton 
of the face are drawn from a study of fetal anomalies in which cerebral develop- 
ment was defective. The anomalies studied were divided into two main groups, 
holocrania and hemicrania. The former was subdivided into four groups of cranio- 
rachischisis totalis, wdth varying degrees of development of the brain. The cases 
of hemicrania were subdivided into those with and those without closure of the 
posterior arch of the foramen magnum and with varying degrees of cerebral 
development. The skeleton of the base of the skull and of the face was found 
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to have been laid down completely and therefore is initiated independently of the 
early development of the neural tube. But the further development of the base 
of the skull is directly influenced by the growth of the brain. Flattening of the 
primitive occipital bone, resulting from defective development of the brain and 
failure of closure of the cranial vault, affects the growth of the base of the skull 
and of the skeleton of the face. The effect on the latter is manifested chiefly in 
prognathism, abnormal width and height of the nose, malformation of the maxilla 
and shallowness of the orbits. The effect of congenital hydrocephalus, in which 
there is excessive action of those factors dependent on the size of the brain and 
the cranial vault, is contrasted with the effects of defective cerebral and cranial 
development. O. T. SatULTZ. 


Localization' of Rheu.matic Lesiox.s in the Heart. H, yi . Lieber, Beitr. 
z. path. Anat. u. z. allg. Path. 91:594, 1933. 

Detailed histologic examination of the heart in five cases of active rheumatic 
infection confirmed the findings of others of the frequent localization of the lesions 
not only in the valvular tissues but in the coronary arteries, the root of the aorta 
and pulmonary artery, and the auricular endocardium, especially that of the left 
ventricle. The lesions were granulomatous and were histologically specific, as 
determined by control e.xaminations of nonrheumatic hearts. Thrombotic deposit 
on the surface of the endocardial lesions is a secondary phenomenon, many endo- 
cardial lesions being devoid of such a deposit. q_ -j. Schultz. 


The Menstrual Cycle and the Lipoid Content of the Uterine Mucous 
Membrane. Ingeborg Gohlisch, Monatschr. f. Geburtsh. u. Gynak. 94:223, 
1933. 


One hundred specimens of uterine mucous membrane were examined for lipoids. 
Of these, twentj'-two were taken in the interval between menstrual periods, 
seventeen at the beginning of the premenstrual period, thirty-five during the pre- 
menstrual period, four during the menstrual period and three during the decidual 
period. There were seventeen with cystic glandular hyperplasia, one with adeno- 
carcinoma, and one showing polyp. Lipoid was demonstrated in the glandular 
epithelium in 20 per cent of the cases, chiefly in the premenstrual and menstrual 
phases. Rich amounts of lipoid were found in the glandular lumen in 50 per cent 
of the cases during the stage of recovery. There was diffuse distribution of droplets 
of fat in the stroma, especially during the premenstrual phase. These observa- 
tions agree with those of Ascheim, who found lipoids chiefly in the premenstrual 

Jacob Klein. 


Relation or Fatty Change of the Aortic Wall to Arteriosclerosis. 

D. Gorog, Virchows Arch. f. path. Anat. 287:602, ‘1933. 

Study of seventj’-three aortas convinced Gorog that the first anatomic lesion 
of aortic arteriosclerosis consists of a small, circumscribed area of fatty degenera- 
tion of the inner layer of the elastica. This finding seems to support the assumption 
that arteriosclerosis is due to an increased functional demand on the wall of the 
vessel. While the normal wall is capable of meeting the increased functional 
demand, this ability becomes impaired by persistently increased demand due to 
poisons, metabolic products or bacteria and to constitutional, congenital or familial 

. W. SAPSm. 


:Malformation of the Basilar Bone Associated with Osseous Union of 
THE Atlas a.nd Skull. P. Sinz, Virchows Arch. f. path. Anat. 287:641 
1933. 

A man, aged 27, died with symptoms of cerebellar tumor. Necropsy revealed 
a peculiar hypoplastic malformation of the basilar bone, with protrusion of the 
bone into the cranial cavity. The protrusion and the osseous union of the atlas 
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with the skull had led to displacement and narrowing of the foramen magnum, 
with consequent obstruction of the circulation of the cerebrospinal fluid and internal 
hydrocephalus. Sinz considers a primary disturbance in the development of the 
basilar bone the most likely cause of this unusual condition. g 


Intestinal Rhinoscleroma. W. Rotter and A. Pena Chavarria, Virchows 
Arch. f. path. Anat. 289:345, 1933. 

Involvement of the alimentary tract in rhinoscleroma has not been hitherto 
described. In a case of the disease which came to necropsy in Costa Rica the 
mucosa of the cecum and ascending colon from the ileocecal valve to the hepatic 
flexure was studded with • nodular elevations. The nodules were composed of 
granulation tissue that contained Mikulicz’ cells and was histologically identical 
with the tissue of the nasal and upper respiratory tract lesions of rhinoscleroma. 
From their experience with this disease the authors have found that the number of 
Mikulicz’ cells may vary greatly. The cells are most numerous in tlie recent and 
most acute lesions. Sometimes the histologic diagnosis must be based on the 
presence of hyaline cells. When the histologic changes are not characteristic, the 
diagnosis must depend on the isolation of the specific encapsulated bacillus. 

O. T. Schultz. 

Priapism in a Case of Sepsis. S. Scheidegger, Virchows Arch. f. path. Anat. 
289:378, 1933. 

A youth, aged 17, fell astride a timber on which he was working. He was 
able to continue his work after the accident. The next day he complained of 
severe sore throat. On the fifth day he was admitted to a hospital with a necrotiz- 
ing tonsillitis, swelling and discoloration of the perineum and erection and edema 
of the penis. The priapism, which persisted after death, was due to thrombosis 
of the corpora cavernosa and of the pelvic veins. The priapism is ascribed to a 
combination of thrombosis due to the accident and sepsis due to the tonsillar 
infection. q Schultz. 


Lymphogranulomatosis of the Vertebral Column. E. Wegemer, Virchows 
Arch. f. path. Anat. 289:386, 1933. 

A man, aged 31, died after a twelve year course of the disease. Although 
the bodies of the vertebrae had been greatly rarefied, their shape had not been 
much altered, because of the replacement of bone by dense fibrous tissue. The 
latter process was the result of fibrosclerosis of the lymphogranulomatous tissue 
that had invaded the vertebrae. The condition was not, as others have maintained, 
osteosclerosis but fibrosis of the specific granulation tissue, q Schultz. 


Congenital Localized Osteomyelitis of the Skull. W. Ladewig, Virchows 
Arch. f. path. Anat. 289:395, 1933. 

A child born five weeks prematurely died nineteen hours after a normal delivery. 
At birth a tumor-like elevation of the scalp was noted in the left parietal region. 
Necropsy showed this to be an area of localized osteomyelitis of the parietal 
bone, with abscess. The inflammatory process had extended to the scalp and to 
the dura, where it was productive. There had been considerable new formation 
of bone. Diplococci could be seen in sections of the lesion. The process is held 
to have been the result of transplacental hematogenous infection. No history of 
infection of the mother during her pregnancy could be obtained. 

O. T. Schultz. 
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Changes in the Heart in Hyperthyroidism. A. de Chatel and W. Molnar, 
Virchows Arch. f. path. Anat. 289:557, 1933. 

The hearts of seventeen patients who died of hyperthyroidism were subjected 
to histologic examination. The only changes noted were moderate hypertrophy, an 
increase in intracellular pigment, the presence of a few wandering cells with 
pigment and a diffuse slight increase in connective tissue. These changes were 
due to the increased functional activity of the cardiac muscle, followed by decreased 
activity and regression. Focal necrosis and inflammation, which has been described 
as toxic myocarditis due to hyperthyroidism, was not encountered. 

O. T. Schultz. 


Study of Vascular Anomalies by Means of Injection and Roentgen- 
ography. A. Hintze, Virchows Arch. f. path. Anat. 289:705, 1933. 

Reproductions of seven excellent roentgenograms support Hintze’s thesis of the 
value of contrast injection and roentgenography in the study of vascular anomalies. 
The method is the subject of a more or less general discussion. Three cases are 
described illustrating the differences between the vascular anomalies of congenital 
malformations and benign tumors, in which the variant vascular tree is looked on 
as physiologic and harmonic, and the abnormalities of the circulatory system in 
the presence of malignant tumors. q_ Schu'ltz. 


Symmetrical Cortical Necrosis of the Kidneys. E. von Zalka, Virchows 
Arch. f. path. Anat. 290:53, 1933. 

Von Zalka found thirty-seven cases of symmetrical cortical necrosis of the 
kidneys recorded in the literature. Thirty-one of these were associated with 
pregnancy. He discusses the previous histologic findings in relation to two cases 
reported by himself, one in a girl, aged 13 years, and one in a man, 64 years old. 
In the child the renal involvement followed an attack of acute tonsillitis ; in the man 
no history of antecedent illness could be obtained. Von Zalka agrees with the 
majority of other investigators that the necrosis is the result of thrombosis which 
occurs chiefly in the interlobular arteries and in the afferent and efferent arterioles 
of the glomeruli. He believes the thrombosis to be due to toxic injury of the 
endothelium. 0 Schultz. 


Massive Anemic Necrosis of the Lung in Pneumonia, kl. Reinisch, 
Virchows Arch. f. path. Anat. 290:75, 1933. 

Reinisch reviews the small number of reported cases of pneumonia that termi- 
nated in massive anemic necrosis of the inflamed lung. The case which he reports 
was that of a 5 year old boy, who became suddenly ill the middle of January with 
a characteristic attack of pneumonia. The temperature returned to normal on 
the tenth day, but rose again two days later. Admission to the hospital occurred 
on February 12, at which time there was flatness on percussion of the lower part 
of the thorax on the left posteriorly; breath sounds were absent in this region. 
On the next day half a liter of purulent exudate w^as removed from the left side 
of the chest by thoracotomy. Death occurred on February 21. Necropsy revealed 
two relatively large, sharply defined areas of ischemic necrosis in the organizing 
upper lobe on the left. Reinisch divides the recorded cases of the condition into 
three groups. In the first two the essential factor is arterial thrombosis. The 
anemic character of the infarct is due to the inflamed state of the lung, which 
prevents the backflow of blood through the collateral capillaries. In the first 
group the lesion contains no bacteria, and the condition is termed aputrid anemic 
necrosis. In the second group bacteria are present; the condition is called septic 
anemic necrosis. ^ In the third group, in which Reinisch places his own case, the 
essential factor is bacterial activity. Bacterial action causes thrombosis and 
necrosis ; this group is called septic necrosis. The justification for making a 
distinction between the second and third groups does not appear well founded. 

O. T. Schultz. 
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Lymphogranulomatosis of the Stomach and Xanthomatosis of the 
Mesentery. W. Baumgartner, Virchows Arch. f. path. Anat. 290:97, 
1933. 

The reported case of Hodgkin’s disease is one of the rare ones in which the 
lymphogranulomatous process is limited to the stomach. No other organs or lymph 
nodes were involved. In the wall of the jejunum and stomach and in the root 
of the mesentery were yellow nodules. These were composed of large foam cells 
filled with lipoid. Baumgartner does not believe that the xanthomatosis was part 
of the lymphogranulomatous process. 0 T S 


Microbiology and Parasitology 

Rheumatic Manifestations in Subacute Bacteri.^l Enuocarditis in 
Children. O. Saphir and S. A. Wile, Am. Heart J. 9:29, 1933. 

A study of ten cases of subacute bacterial endocarditis, eight in children and 
twelve in young adolescents who had been under observation since childhood, is 
reported. The histories revealed evidence of a preceding rheumatic infection in 
every instance. All hearts showed healed endocarditis, subacute bacterial endo- 
carditis and Aschoff bodies in the myocardium, in addition to other changes. 
The blood revealed pure cultures of Streptococcus viridans, and smears from 
the vegetations showed gram-positive cocci in chains. The relation between the 
rheumatic infection and the final subacute endocarditis is discussed. A con- 
currence of these two conditions, though not definitely excluded, seems unlikely. 
Although allergy is an attractii’e explanation of rheumatic fever and its relation 
to subacute endocarditis, evidence is brought forward which seems to speak against 
rheumatic fever being an allergic phenomenon and the assumption that both con- 
ditions are manifestations of the same disease, differing only in the immunologic 
response of the host. At present the weight of evidence seems to be that the only 
relationship between rheumatic fever and subacute endocarditis is that the injury 
due to a previous rheumatic infection predisposes the valve to a subsequent endo- 
carditis. The conclusion is reached that the Aschoff body is a characteristic 
structure and a specific reaction caused by the unknown virus of rheumatic fever. 
The circumscribed cellular infiltrations produced experimentally in hypersensitive 
animals, though morphologically resembling Aschoff bodies, are in no way char- 
acteristic of them. The use of strict criteria for the identification of Aschoff bodies 
is urged. The fact that in a number of cases the rheumatic manifestations gradually 
merged into the picture of subacute bacterial endocarditis may account for recent 
Aschoff bodies in the myocardium of patients who died of subacute bacterial 
endocarditis. From the Authors’ Summary. 


The Permeability of the Kidney to B-acterla. M. H. Book, Am. J. Path. 
9:569, 1933. 

Staphylococcus aureus injected into the circulation of the normal rabbit did 
not appear in the urine until between eight and twelve hours later. Bacterium 
coli was absent from the urine even up to forty-eight hours after injection. 
Bacillus prodigiosus failed to reach the urine up to twenty-four hours after injec- 
tion. The examination of ordinary paraffin sections to determine the exact site 
of a few individual bacteria is not entirely reliable. The method of incubating the 
kidney before fixation and staining not only facilitated greatly the finding of the 
bacteria, but permitted a more dependable analysis of the location of the organisms 
from which the colonies had developed. By means of such e.xamination it ivas 
seen that the bacteria never reached the capsular space about the glomeruli or 
the lumens of the tubules in the-fir.st few hours after injection and hence were not 
excreted. The probability is that they did not get beyond the vascular system until 
they had damaged the walls of the latter. 

' Author’s Summary and Conclusions. 
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Actixobacillosis of ]Man. D. C. Beaver and L. Thompson, Am. J. Path. 

9:603, 1933. 

Three cases of actinobacillosis in man are now well authenticated. The case 
concerned here offered the first opportunity for pathologic study of the lesions 
in a human being. The lesions were essentially similar to those that have been 
described in cattle except that they were much more widespread, and sulphur 
granules such as occur in the bovine lesions apparently did not occur. The lesions 
may be described as granulomatous abscesses severely affecting the lungs, liver 
and spleen. Lesions similar to those observed in man and cattle were produced 
in animals experimentally. Glanders and tularemia were considered in the differ- 
ential diagnosis, but both seemed to be definitely ruled out by the bacteriologic 
and serologic investigations. The organism isolated reveals a close cultural and 
antigenic relation to Actinobacillus Lignieresi, and a more distant relation to 
Pfeifferella mallei and Bacillus Whitmori. Thompson has previously shown that 
A. Lignieresi of bovine and human origin, Pf. mallei and B. Whitmori are 
antigenically interrelated and has proposed that they be included in a common 
genus. This relationship, as far as the organism in the present case is concerned, 
is also confirmed from the pathologic point of view, for the lesions in man and 
the experimental lesions in animals were similar to those of glanders and also 
exhibited similarities to the lesions of bovine actinobacillosis. Although the 
organism under consideration revealed minor cultural differences and antigenic 
phenomena somewhat different from those of a typical strain of A. Lignieresi of 
bovine origin, nev'ertheless it seems justifiable to regard the organism as a variant 
of the usual bovine strain of A. Lignieresi. A.uthous’ SuAtMARY. 

The Persistence of Tuberculous Infections. H. E. Robertson, Am. J. 

Path. 9:711, 1933. 

Tuberculous infections may occur and pursue their entire course without 
demonstrable clinical phenomena, that is, without attracting the attention of the 
patient or a phj'sician to their presence. Recognized tuberculous infections may 
subside and be regarded throughout remaining life as healed and still remain 
continuously active. Apparently healed tuberculous lesions may become clinically 
active after varj'ing intervals. No form of physical examination can assure any 
person that he or she does not harbor the menace of active tuberculous infection. 
The safest rule for physicians and patients alike is to regard tuberculosis as 
possessing an ever present potentialit}’^ for becoming active. One can almost 
say: “Once infected, always infected.” Author’s Conclusions. 

Tubercle Bacilli in the Blood in Advanced Pulmonary Tuberculosis. 

H. J. CoRPER and A. P. Damerow, Am. Rev. Tuberc. 28:118, 1933. 

Tubercle bacilli were not found in the blood of 120 patients with advanced 
and generalized tuberculosis. Each blood specimen was submitted to four methods 
of examination for tubercle bacilli, namely, inoculation in guinea-pigs and three 
different cultural methods. While control tests proved the efficacy of the cultural 
methods used for discerning small numbers of tubercle bacilli in human and animal 
blood, acetic acid, as recommended by Loewenstein, destroj'ed small numbers of 
tubercle bacilli while permitting saprophytic acid-fast bacilli to survive, thus 
vitiating the results obtained with this reagent. Over 200 smaller specimens 
obtained as a routine from patients in a sanatorium and examined by two cultural 
methods, the tissue substrate method and the sulphuric acid-crystal violet-potato- 
cylinder method, did not yield a single culture positive for tubercle bacilli. Of 
the 120 patients whose blood was examined, 2 yielded saprophjrtic acid-fast bacilli 
which were proved not to be pathogenic tubercle bacilli. 'Tubercle bacilli, when 
present in small numbers, grow well on a sulphuric acid-treated and sodium 
bicarbonate-neutralized or sodium hydroxide-neutralized blood residue or on 
inspissated defibrinated blood, making it appear that acid-treated or heat-treated 
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or sterilized blood pigments are not detrimental to the growth of tubercle bacilli. 
The macroscopic type of culture obtained on the blood medium differs from that 
seen on potato or that on egg, which also differ from each other. The Congo red- 
potato flour-egg medium (Loewenstein) is a good one for human and bovine 
tubercle bacilli, but it is not better than, a simple potato cylinder or inspissated 
egg-yolk medium. It appears that human or bovine tuberculobacteremias, in the 
sense that tubercle bacilli circulate in the blood for a fairly long time or that the 
bacilli multiply in the blood, are not borne out bj' these studies, although it is not 
intended to convey the impression that occasional embolic disseminations (showers) 
from disintegrating tuberculous foci do not occur or that there are not terminal 
periods in the course of the disease when showers of caseous products containing 
visible bacilli may make it possible to find them in the blood of man and experi- 
mental animals. Such a condition of tubercle bacilli in the blood is far from 
being the common event. Embolic showers, when they occur in man, are rapidly 
removed from the circulation, in the usual case of tuberculosis. 

H. J. CORPER. 

The Cockroach as a Possible Carrier of Tuberculosis. Henry C. Read, 
Jr., Am. Rev. Tuberc. 28:267, 1933. 

The cockroach may be considered a possible mechanical carrier of tuberculosis 
for the following reasons; 1. All smears of the intestinal tracts of cockroaches 
allowed to feed on infected sputum showed tubercle bacilli. 2. The organisms 
recovered from the intestinal tract were viable, for they produced lesions in 
guinea-pigs. 3. Microscopic sections did not show the bacilli to be present in the 
tissues, thus showing that they remain in the intestinal tract. 

H. J. CORPER. 

Tuberculosis of Human Origin in an Amazon Parrot. W. R. Hinshaw, 
Am. Rev. Tuberc. 28:273, 1933. 

A case of tuberculosis in a male “Amazon parrot” (genus Amazona) is reported. 
There was a history of the parrot’s being the pet of a patient with tuberculosis, 
and inoculations in animals indicated that the bird was suffering from the human 
type of the disease. H. J. Corper. 

Poliomyelitis Virus. J. R. Paul and J. D. Trask, J. Exper. Med. 58:513, 
1933. 

That qualitative differences exist between so-called human and passage strains 
of poliomyelitic virus has been established by the following observations : (a) The 

experimental disease induced by two human strains usually failed to protect 
monkeys against a subsequent infection by a passage strain, and in the few instances 
in which the reverse experiment could be made a similar lack of protection was 
observed. (&) In some human serums the neutralizing power for a human strain 
differed qualitatively from that for a passage strain. The length of time between 
the intracerebral inoculations of heterologous strains has been found to be an 
important factor bearing on the results of the reinoculation experiments reported. 
Within the intervals used, the greater the period between the original infection 
and the reinoculation with a heterologous strain the less was the degree of 
cross-immunity observed. Authors’ SumiMARY. 


The Cultivation of Vaccine Virus for Jennerian Prophylaxis in Man. 

T. M. Rivers and S. M. Ward, J. Exper. Med. 58:635, 1933. 

A dermal strain of vaccine virus has been subjected to 99 successive cultural 
passages This procedure led to a diminution in the pathogenicity of the active 
ao-ent^for the rabbit. Bv repeated testicular passages in rabbits, however, the 
vffus regained its pathogenicity for that host. New cultures were initiated with 
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the revived virus. A culture strain of A-irus that has been twice re\-ived in this 
manner has remained fairly stable for the rabbit through 60 cultural passages, 
and it produces mild, 3 'et effective vaccinal reactions in man. Virus in earh' 
cultures was not attenuated for man. but later cultures of the original strain and 
cultures of the second and third revived strains produced mild reactions without 
fever and discomfort to the patients. Intradermal vaccinations with the culture 
virus are safe and satisfactory. With the culture virus 118 infants and children 
have been inoculated, and in 100 of them a positive reaction occurred. The culture 
virus produced a refractorj- state to a standard dermal strain of calf lymph and 
vice versa. Culture virus stored in 50 per cent neutral glycerin at — 10 C. or at 
4-3 C. maintained a considerable amount of its activitj' for at least one j’ear. 
Desiccated adture virus sealed in tubes maintained some of its activity when 
stored at 37 C. for five weeks. Fresh cultures can be initiated without difficultj' 
irom desiccated virus or from virus that has been stored with or without glycerol. 

Authors’ Summary. 


Cultivation of Pseudoilaeies Virus. E. Tr.\ub, J. Exper. !Med. 58:663, 1933. 

Pseudorabies virus has been cultivated in series in rabbit testicle, guinea-pig 
testicle and chick embrj'O medium, and its growth requirements have been studied. 
Intranuclear inclusions similar to those produced by pseudorabies virus in vivo 
have been found in cultures on rabbit testicle medium. The virus has not changed 
its pathogenic properties for rabbits, guinea-pigs or mice during the course of 
culti\-ation. Author’s Summary. 


The For.m.\tion of Gree.n Pigment fro.m Haemoglobin by the Pneumo- 
coccus. P. D. Hart and A. B. Anderson, J. Path. & Bact. 37:91, 1933. 

.■\n olive green precipitate was formed when small quantities of laked blood 
were incubated aerobically with broth cultures of the pneumococcus to which 
alkaline phosphate solutions had been added. This precipitate could be separated, 
washed and e.xtracted with dilute alkali to give a green solution. Suitable condi- 
tions for the form.ation of the pigment, including the optimal range of pn, are 
described. When the mixtures were incubated anaerobically, reduced hemoglobin 
was formed; on subsequent aerobic incubation, this was converted into the green 
pigment. Aerobic or anaerobic cultures allowed to autolyze in air with phosphate 
solutions rapidh' lost their abilit}' to produce green pigment from, blood. Cultures 
autoh'zed under anaerobic conditions remained active for longer periods. Sterile 
filtrates of unautoh'zed anaerobic cultures were found to be inactive. Active filtrates 
were obtained from anaerobic cultures onh’ after disintegration of the organisms. 
The activity of sterile filtrates was rapidly destro\'ed bj' aeration, bj' the addition 
of hydrogen dioxide or by heating to 55 C. Addition of a solution containing 
catalase to cultures or filtrates retarded the destruction of activity brought about 
bj' exposure to air. Suspensions of washed organisms in phosphate buffer were 
themselves unable to produce the green pigment from blood but could be activated 
bj" meat extract and other substances. Extracts prepared from such washed organ- 
isms were not activated in this manner. Crj-stalline oxj-hemoglobin, methemoglobin 
and, to a less extent, carboxj'hemoglobin could replace laked blood as a source of 
the green pigment. The green pigment has not yet been identified; its physical 
and^ chemical properties do not correspond with those of am- of the common 
derivatives of hemoglobin. The nature of the enzj-me sj'stem involved in the forma- 
tion of the green pigment and its possible identitj' with the svstem described bv 

Neill and Aveiy- (1924) are discussed. * ^ . o 

Authors Summary. 


Virus Disease of the Can.\ry of the Fowl-Pox Group. F. M Burnet 
J. Path. & Bact. 37:107, 1933. 

The disease of canaries described by Kikuth and Gollub is caused by a virus 
closely resembling certain strains of the virus of fowl pox. The main histologic 
teatures of the disease are ; (o) a proliferation of the dermal epithelium with cj-to- 
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plasmic inclusions; {b) an inflammatorj' response of predominantly mononuclear 
cells showing characteristic vacuolation of the cytoplasm, and (c) a massive accumu- 
lation in the infected lung of large mononuclear cells containing specific cytoplasmic 
inclusions. 

The virus produces massive lesions when it is inoculated into the chorio- 
allantoic membrane of the developing egg. An improved technic for this type of 
inoculation is described. Bj’’ filtration and photbmicrographic methods the diameter 
of the particles of the virus is estimated to be approximately 0.16 micron. The 
disease is uniformly fatal to canaries, and no success has been attained in attempts 
to immunize them with killed virus. The virus is pathogenic for sparrows, pro- 
ducing typical lesions. Only an insignificant lesion is produced in the fowl, but a 
more definite transmissible inflammatory condition is produced in the pigeon. 
In neither of these species are epithelial inclusions found. Of three strains of the 
virus of fowl pox tested, one (“Balling”) produced lesions in the canary similar 
to those produced by Kikuth’s virus. The other two strains and a strain of the 
virus of pigeon pox have failed to induce specific lesions. 

Author’s Summarv. 

Cellular Response of Vitreous Humour to Bacteria, Blood and Vital 

Dyes. W. A. Gray, J. Path. & Bact. 37:137, 1933. 

The first cells to respond to the presence of irritation in the vitreous are poly- 
morphonuclear leukocytes. They are quickly followed b 3 ’’ macrophages; the 
macrophages increase, in the later stages of the inflammation, as the polymorpho- 
nuclear leukocytes diminish. The cellular exudate is derived almost entirely from 
adjacent vascular structures, but occasionally there is a proliferation of peri- 
adventitial histiocytes at the optic disk. The area of the wound produced during 
the injection of the irritant is the first and for a time the principal source of supply 
of the emigrating cells, but sooner or later they are derived from the optic disk 
and the pars plana of the ciliary body. Micro-organisms introduced into the 
vitreous tend to spread rapidly to the anterior chamber, to the ciliary body, espe- 
cially the pars plana, and to the optic disk, where they call forth an inflammatorj’’ 
reaction. Author’s Summary. 

Classification of Dysentery-Coli Bacteriophages. F. M. Burnet, J. Path. 

& Bact. 37:179, 1933. 

There are sharp distinctions among bacteriophages in regard to rate of photo- 
dynamic inactivation by methylthionine chloride, U. S. P. (methjdene blue), abilitj' 
to lyse in the presence of citrate and rate of inactivation bj^ strong urea solutions. 
Phages falling in a single serologic group as previously defined are approximately 
uniform in their response to any of these tests. Strong urea solutions inactivate 
large particle phages with great rapidity and (with one exception) are much less 
active on small particle phages. Several acridine dyes can be used for photo- 
dynamic inactivation of suitable phages. Author’s Summary. 


The Stability of the Mitis, Intermediate and Gravis Types of B. Diph- 
THERiAE. M. H. Christison, J. Path. & Bact. 37:243, 1933. 

The three main types of Bacillus diphtheriae undergo marked variation in 
structure of colony in vitro, particularly after growth in bouillon. Rough variants 
derived from the mitis strain would at sight be classified as gravis and derivatives 
of gravis colonies as mitis. Variation also occurs in the type of growth in bouillon 
and in the production of hemolysin. Changes in structure of colony are observed 
not only in strains obtained from Leeds, but also in those isolated in Edinburgh. 
These findings and the occasional isolation of “atypical” strains suggest that dis- 
sociation occurs in rivo as well as in vitro. Gravis strains ferment starch irrespec- 
tive of the structure of the coloiw, whereas intermediate and mitis forms and their 
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variants fail to do so. It appears, therefore, that in identifying the gravis t 3 "pe 
the fermentation of starch is a more reliable criterion than the structure of the 
colony. Author’s Summary. 

Mechanism of Anthrax Infection. A. Boquet and A. Saenz, Ann. Inst. 

Pasteur 50:311, 1933. 

Hemorrhagic or necrotic exudate was considered less significant than progressive 
bacteremia. Boquet and Saenz take exception to Besredka’s statement that the 
skin exclusive!}' is sensitive to anthrax organisms. Presumably owing to the 
greater activity of the wandering cells and histiocytes in the subcutaneous tissue 
the latter was demonstrated to be four or five times less receptive than the skin. 
Experiments with inhalation resulted in a fatal septicemia emanating from the 
pulmonary alveoli, as appears to occur in human infection, Intraperitoneal injec- 
tions often resulted in aborted infections, but when infection occurred it appeared 
to be due to multiplication of the organisms in the liver and spleen rather than to 
accidental contamination of the skin. Organisms fed in massive doses were at 
times noted in the blood stream from two to eight hours later, but no infection 
resulted, owing to rapid phagocytosis in the liver, spleen and bone marrow. 

From the Authors’ Conclusions. 


Filtrable Elements in Tuberculosis. M. C. Ninni, Ann. Inst. Pasteur 
50:504, 1933. 


Ninni believes that the invisible filtrable granular eletnents secured from j'oun'g 
cultures of the tubercle bacillus and from infected organs are living and are capable 
of multiplication in vivo and in vitro; that the lymphatic Calmette-Valtis type of 
tuberculosis, without tubercles, is characteristic of their presence ; that they may 
give rise to typical organisms, but are not to be confused with variously suggested 
artefacts ; that young cultures of these forms are toxic for nerve cells ; that they 
may pass the intact placenta of pregnant females, possibly causing death of the 
fetus or progressive malnutrition of the new-born, or producing immunity, and that 
the ultravirus together with the Koch bacilli constitute the virus of tuberculosis. 


thus affording, according 
encountered. 


to the balance, the great variety of clinical forms 
From the Author’s Conclusions. 


Human Tubercle Bacillus on Bile ^Iedium for Twenty-Two Years. 
A. Calmette, C. Guerin and L. Negre. Ann. Inst. Pasteur 50:599, 1933. 

The original BCG strain of the tubercle bacillus was of bovine origin. A 
strain of human derivation and of medium v'irulence was secured in 1908 from 


Trudeau’s laboratory at Saranac, N. Y. Beginning March 10, 1910, a series of 
418 successive parallel transfers were made in an alkaline medium containing potato, 
ox bile and glycerin. The virulence for guinea-pigs and rabbits appeared to 
increase in both the human and the bovine strain at first, but weakened after the 
thirty-fifth transfer. B}' 1921 a dose equivalent to 1 mg. failed to affect these 
animals. The avirulence and the antigenic and immunizing properties of the human 
strain appeared to be equivalent to those of BCG. No substitutions in B C G 


vaccine were contemplated, but the 
this type was considered significant. 


stability of the parallel strain in a study of 
M. S. AI.arsh.all. 


Pathogenesis of I^Ieningococcic Meningitis. P. Zorodowski, Ann Inst 
Pasteur 50:651, 1933. 

A fatal meningitis was produced in rabbits by a subarachnoid injection of two 
billion freshly isolated meningococci. The virulence was quicklj' lost on serum 
medium, but was retained for several months when the organisms were transferred 
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every tAvo weeks on Dorset’s medium. Very satisfactory viability (from two to 
three months) and virulence (from one to one and a half months) were maintained 
when a liquid egg medium under paraffin oil was used. Partially attenuated strains 
were reactivated by passage through animals, using either augmented doses or 
homologous endotoxin prepared by heating an emulsion at 100 C. The minimum 
lethal dose for a rabbit weighing 1.5 Kg. appeared to be between one and two 
billion organisms. The apparent virulence was dependent on the combined infcc- 
tiousness of living organisms and the pathogenicity of the toxic substance, which 
accounted for the relatively large dose needed. 

Frosi the Authors’ Conclusions. 

Repeated Injections of BCG in Monkeys. I. M. Levitan and D. D. 
Lokhoff, Ann. Inst. Pasteur 50:749, 1933. 

Repeated vaccinations of monkeys with BCG were absolutely innocuous. They 
conferred a clearly increased resistance to subsequent virulent infections. Neither 
repeated vaccinations or spontaneous disease nor poor nutrition increased the viru- 
lence of BCG. The use of B C G on tuberculous monkeys exercised no noticeable 
effect on the evolution of virulent tuberculous processes. 

Authors’ Conclusions. 

Autochthonous Rabies in Africa. S. Nicolau, C. Mathis and V. Con- 
STANTiNESco, Ann. Inst. Pasteur 50:778, 1933. 

There exists in the western part of the French mandate in Africa a special 
disease of mad dogs, in the local dialect “Oulou-fato.” Several strains of the fixed 
virus were established in rabbits. The Negri bodies were most apparent in the 
basal optic nerve. The virus was invisible and was not cultured successfully. It 
was effective in dilutions of 1:500 (street virus) and 1:20,000 (fixed virus). 
Glycerin attenuated the street virus in three or four weeks, and the fixed virus, 
in three or four months. The substances associated with the virus were electro- 
negative. Rabbits and guinea-pigs were more susceptible than rats, mice, dogs 
or chickens. Subdural inoculation with the street virus induced, in rabbits, a rabies 
the paralytic phase of which was preceded by a stage of excitement and intense 
contraction. The fixed virus induced a severe paralytic reaction of short duration. 
Rabbits were killed by the latter when it was injected by skin, muscle, eye or 
vein or in the region of the sciatic nerve. The neurotropic properties were 
marked. The histologic changes in the central, visceral and peripheral nervous 
systems were those of rabies. The Negri bodies differed in their staining 
properties, but were almost always blue by Mann’s method, without the oxyphilous 
character of the cytoplasmic granules found in rabies. The pleomorphism was 
accentuated. Neurons in advanced stages of degeneration often had inclusions. 
Cross immunity for classic rabies was perfect. The extensive experimental report 
is accompanied by a two page color plate. 

From the Authors’ Conclusions. 

Typhus in Rats. Charles Nicolle, Arch. Inst. Pasteur de Tunis 21:349, 1933. 

Transfer experiments with the historic strain of typhus (Tunis) in rats indi- 
cated that a silent infection might be induced by inoculation of brain material into 
the peritoneal cavity. A definite number of transfers, twelve or thirteen, appeared 
to be the limit. Transfer was effected from animals killed from the seventh to 
the sixteenth day after inoculation, and from four days before to two days after 
the appearance of fever in control guinea-pigs. Failure to propagate the virus 
over a longer period was attributed to a failure of the virus to adapt itself to an 
unnatural host. From the Author’s Conclusions. 
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Survival of Typhus Virus in Brain Tissue. Charles Nicolle and J, 
Laigret, Arch. Inst. Pasteur de Tunis 21:357, 1933. 

^''irulent Toulon virus was present in the brains of rats for as long as sixty- 
eight days. The virus survived in the brains of guinea-pigs for not longer than 
thirty-three days. Several strains of Mexican virus were not demonstrated after 
fift}' daj's in rats or thirt 3 '-four da\’s in guinea-pigs. With the Tunis virus the 
situation was reversed; rats were free from the virus twenty days after inoculation, 
and guinea-pigs irregularlj' showed its presence at this time. Brains of rats given 
the virus of Rockj' Mountain spotted fever were free from it on the twentieth 
da\’ and guinea-pigs on the twentj’-eighth da 3 ', but the end-point was not determined. 

M. S. AIarshall. 

Immunology 

Titration of Yellow Fever Virus in Stegomyia Mosquitoes. X. C. 
Davis, M. Frobisher, Jr., and W. Lloyd, J. Exper. Med. 58:211, 1933. 

Titrations were made of the virus of 3 'ellow fever in mosquitoes of the genus 
Stegomyia, rhesus monke 3 's being used as test animals. Immediate^' after becoming 
engorged with highL* infectious blood, the average mosquito contained between 
1,000,000 and 2,000,000 lethal doses of virus. The titer of freshly ingested blood 
was as high as 1,000,000,000 lethal doses of wrus per cubic centimeter. During the 
fortnight succeeding the ingestion of infectious blood there occurred a reduction 
of titratable virus to not more than 1 per cent of that present in the freshly fed 
insects. The titer was somewhat higher at later periods. This rise in titer signified 
possibly, not a multiplication, but merely an increase of e.xtracellular virus and of 
that easily freed by grinding to a titratable form. At no later stage did the quantit 3 ' 
of titratable virus equal that demonstrable in freshly fed insects. 

Authors' Summary. 


Precipitin Reaction in Yellow Fever. T. P. Hughes, J. Immunol. 25:275, 
1933. 


Serums taken from monkeys shortly after recover 3 ' from severe yellow fever 
infections possess a precipitin capable of reacting with a precipitinogen which occurs 
in the blood of monkeys during the period of acute illness. This precipitinogen 
is not the virus of yellow fever, but appears to be associated with a protein of the 
albumin fraction. Its concentration reflects the severity of the illness. It dis- 


appears with recover 3 ', after stimulating the formation of a precipitating antibod 3 '. 

This resulting precipitin is entirelv' independent of the protective antibod 3 ' resulting 

from an infection. A similar precipitin occurs in the serum of patients shorth' 

after recover 3 ' from a severe 3 'ellow fever infection. This precipitin reacts with 

the precipitinogen occurring in the blood of monke 3 's during the acute phase of 

the illness. . , _ 

Author s Summary. 


The Volume of Precipitate in Precipitin Reactions. F. S. Jones and 
R. B. Little, J. Immunol. 25:381, 1933. 

A procedure has been described whereby' the quantity of precipitate resulting 
from the action of precipitin and antigen can be measured. .At one point in titra- 
tions, as usually practiced, the greatest quantity- of precipitate is formed, and we 
have called this point the zone of maximum precipitation. With this as a basis 
we have been able to show that the quantity of precipitate varies proportionately 
with changes in the quantity of either antigen or immune serum. A linear type 
of reaction has been demonstrated. In addition, similar linear relationships have 
been shown in the determinations of antigen and antibody in the supernatant fluid 
after precipitation has taken place. We have not been able to show that in a given 
series of cow serum and its precipitin either the antigen or the antibody is com- 
pletely utilized. When a single antigen, such as egg albumin, was employed with 
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its precipitin there occurred within a narrow zone complete binding of both the 
antigen and the antibody, while in either direction one or the other was still nresent 
in active form. . , ^ 

Authors Summary. 


Effect of Dissociation on Antigenic Behavior of Salmonella and 
Shigella Cultures. G. M. Mackenzie and Helen Fitzgerald T 
Immunol. 25:397, 1933. 


The antigenic components of Salmonella and Shigella may show qualitative and 
quantitative changes due to dissociation. Components not demonstrable in the 
original culture may appear in the variants. The more marked the change in the 
colon)'^ form, the more marked are the alterations in serologic behavior. Changes 
in antigenic behavior due to dissociation are qualitatively different from those 

caused by heat. t- 

Edna Delves. 


Cultures and Broth Filtrates of Staphylococci. E. L. Burky, T. Immunol 
25:419, 1933. 

Intracutaneous or intravenous injection of staphylococcus toxin into rabbits is 
followed by the development of an active immunity to the toxin and by the appear- 
ance of precipitating substances in the serum. The intracutaneous method is as 
effective as the intravenous, and the rate of mortality is less. In certain rabbits 
antibodies capable of passively protecting rabbits against multiple lethal doses of 
toxin are developed, independently of precipitins. Certain serums, supposedly 
immune and with high precipitin titers, seem to increase the lethal action of the 
toxin. The serums of rabbits immune to toxin precipitate only with the filtrates of 
strains of staphylococci pathogenic for rabbits. Strains of staphylococci pathogenic 
for rabbits have been recovered only from definite lesions in man and rabbits. 
This relation suggests a method for the classification of staphylococci and a diag- 
nostic aid in cases in which staphylococci are isolated and in which the etiologic 
significance is doubtful. Author’s So’Mmary. 

Seasonal Changes in the Cataphoretic Velocity and Virulence of 
Streptococci. E. C. Rosenow, J. Infect. Dis. 53:1, 1933. 

A method yielding reliable results in the isolation of streptococci and the study 
of their cataphoretic velocities is described. Streptococci as isolated from atria of 
infection, especially from the nasopharynges of well persons and persons ill with 
various nonepidemic or epidemic diseases, have characteristic cataphoretic velocities 
and sometimes also demonstrably characteristic degrees of virulence. A striking 
parallelism was found between the cataphoretic velocity of streptococci isolated 
from the nasopharynges of persons ill with epidemic diseases, such as the common 
cold, influenza and poliomyelitis, and that of streptococci isolated at the same time 
from the raw milk supply, as well as between the velocities of both in their return 
to normal after the epidemics disappeared. The velocity of streptococci isolated from 
the nasopharynges of normal persons and that of streptococci isolated from the 
nasopharynges and other atria of infection, including the apexes of pulpless teeth, 
of persons suffering from chronic diseases such as encephalitis and arthritis shift 
toward that of the streptococci prei^lent in the throats of persons suffering from the 
epidemic respirator}' diseases in question, especially the common cold and influenza, 
and return, respectively, to the normal and to that characteristic of the chronic disease 
after the epidemics subside. Despite these striking revelations with respect to the 
etiologic importance of streptococci it is not concluded that the “virus” of the com- 
mon cold or other organisms also isolated sometimes in this condition and influenza 
have no etiologic significance in these diseases. The increase in incidence of acute 
systemic diseases, such as arthritis, the exacerbations of S3'mptoms in chronic infec- 
tive diseases and the rise and fall of epidemic ivaves of infectious diseases according 
to season, in the light of these results, become more explicable. 

Author’s Summary. 
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Mucoid Encapsulated Streptococci in Scarlet Fever. I. Pilot and D. J. 

Davis, J. Infect. Dis. 53:29, 1933. 

Encapsulated hemob'tic streptococci forming mucoid colonies on ascites blood 
agar were isolated in sporadic cases of scarlet fever. A strain isolated from bovine 
mastitis causing milk“borne epidemic scarlet fever also yielded such colonies and 
capsules. Certain differences are described between these streptococci of scarlet 
fever and Streptococcus epidemicus of septic sore throat. Toxins of these strepto- 
cocci from epidemic and sporadic scarlet fever correspond to the specific toxin of 
the streptococcus of scarlet fever and not to the toxin of Str. epidemicus of septic 
sore throat. The encapsulated streptococci of septic sore throat and scarlet fever 
may be similar in their behavior as the cause of milk-borne infections, both pro- 
ducing bovine mastitis from which an outbreak of septic sore throat or of scarlet 
fever may develop. That such a similarity exists may be further determined by 
proper studies of milk-borne scarlet fever. The problem of the control of milk- 
borne scarlet fever then will become identical with that of the control of septic 
sore throat. Authors’ Summary. 


Micro-Organisms Which Decompose the Specific Carbohydrate of Pneu- 
mococcus, Types II and III. G. M. Sickles and M. Shaw, J. Infect. Dis. 
53:38, 1933. 

A description is given of several strains of soil organisms isolated from decaying 
organic matter in different localities which are able to decompose the specific poly- 
saccharide of Pneumococcus, type III. One of the strains, unlike that previously 
described by Avery and Dubos, also utilizes agar. Experiments with the protective 
and curative effect, in mice, of the enzyme obtained from these strains confirmed, 
in general, the results of Avery and Dubos. A soil organism which decomposes 
the specific polysaccharide of Pneumococcus, type II, and which differs markedly 
from the strains that decompose the carbohydrate of Pneumococcus, type III, is 
also described. From this organism no soluble enzyme was obtained. Neither the 
specific “cellular carbohydrate” of type II nor that of type III (Wadsworth and 
Brown) produced purpura in mice after it had been acted on by the homologous 
decomposing organism. Authors’ Summary. 


Complement Fixation in Vaccinia and in Variola. R. F. Parker and R. S. 
Muckenfuss, j. Infect. Dis. 53:44, 1933. 

By the technic of complement fixation a specific reaction between the virus of 
vaccinia and the immune serum has been demonstrated. The reaction is influenced 
by the potency of the serum and by the time allowed for fixation, and apparently 
many of the failures of other workers to demonstrate it have been due to the use 
of serum of insufficient activity or to too short a period of fixation. Active virus 
in the antigen is npt necessary for fixation ; preparations which had been boiled or 
passed through a Berkefeld N candle and in which no virus could be demonstrated 
still fixed complement with immune serum, although not in as great a dilution as 
before treatment. These results are probably comparable with those obtained by 
Cragie in his study of the antigens taking part in the reaction of flocculation. 
Specific complement fixation in smallpox has also been demonstrated by using a 
specific antivaccinal rabbit serum and the fluid from the pustules of the disease. 
This has been made possible by an adaptation of the test to a small volume, the 
reagents being measured in drops. Various materials from persons with different 
cutaneous diseases and from the vesicles of varicella have been tested, without false 
positive results. ^ With TOCcinia and variola the results have been uniformly positive 
when the material was collected before the thirteenth day of the eruption. Difficulty 
due to bacterial contamination has been avoided by the use of serum prepared against 
a bactena-free antigen. Serums from ten patients with variola were tested, with 
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partial or complete fixation in three. Complement fixation with a specific anti- 
vaccinal serum may be of assistance in the early diagnosis of smallpox. 

Authors’ Summary. 

Influence of High Frequency Displacement Currents on Bacteria. 

F. W. Fabian and H. T. Graham, J. Infect. Dis. 53:76, 1933. 

In a high frequency displacement current of 10 megacycles and an intensity 
of 0.08 ampere colon bacilli increased in number nearly 300 per cent during a 
period of three hours. When the intensity of the displacement current was increased 
approximately ten times the lethal effect of the current became evident. Of the 
three frequencies studied, 7.5, 10 and 15 megacycles, 10 megacycles was the most 
effective, 7.5 megacycles was the least effective, and 15 megacycles occupied an 
intermediate position with respect to killing action on bacteria. The high frequency 
displacement currents produced a legular order of death in bacteria. When the 
logarithm of the number of bacteria surviving at regular intervals was plotted 
against time a typical survivor curve resulted. Authors’ Summary. 


Dissociation of Clostridium Welchii. H. R. Livesay, J. Infect. Dis. 53:125, 

1933. 

After prolonged cultivation on the surface of suitable artificial mediums, 
Clostridium Welchii produced rough colonies made up of encapsulated rods 
arranged in chains or filaments. From such variants there sometimes developed 
pigmented subsurface rootlets growing into the underlying medium. Cl. Welchii 
planted deep in shake tubes produced variants that formed colonies morphologically 
similar to the characteristic colony of Clostridium sporogenes. However, owing 
to the fact that it was impossible to isolate Cl. sporogenes from these colonies and 
to the fact that in every instance the organisms present gave the characteristic 
reaction of Cl. Welchii, it is believed that they were variants of the latter organism. 
Under certain circumstances Cl. Welchii growing on the surface of solid mediums 
produced pigmented subsurface rootlets or colonies ; in shake cultures, this 
Clostridium sometimes grew as ball-shaped colonies. The results indicate that 
pigmentation and subsurface penetration do not always mean contamination, but 
may result from dissociation of Cl. Welchii. Author’s Summary. 

The Shwartzman Phenomenon. A. M. Pabst and S. E. Branham, Pub. 

Health Rep. 48:639, 1933. 

Serum neutralization of the Shwartzman phenomenon produced b}' filtered 
meningococcic washings is not restricted to antimeningococcic serums, but also 
occurs with antipneumococcic, antidysenteric and antigonococcic serums and with 
diphtheria antitoxin, as well as with normal horse and rabbit serums. This non- 
specific neutralization is so frequent and so marked that it seems to limit the 
usefulness of the Shwartzman phenomenon in the evaluation of therapeutic anti- 
meningococcic serums. Authors’ Summary. 


Immunol'ogical Studies with Phage-Coated Bacteria. F. M. Burnet, Brit. ■ 
J. Exper. Path. 14:93, 1933. 

Bacteria on which certain bacteriophages have been adsorbed can be specifically 
agglutinated by antibacteriophage serum and can be used to absorb antibacteriophage 
from an immune serum. Cross-absorption experiments by this technic have been 
carried out with two antigenically related bacteriophages and their antiserums. 
With one bacteriophage it has been shown that bacteriophage inactivated by a 
solution of formaldehyde can be adsorbed by bacteria and endow them with the 
specific reactivity toward the corresponding antibacteriophage. 

' Author’s Sum.marv. 
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A Specific Soluble Substance from Bacteriophages. F. M. Burnet, Brit. 

J. Exper. Path. 14:100, 1933. 

A bacteriophage-specific soluble substance is present in bacteriophage-free ultra- 
filtrates of lysed cultures; it can be demonstrated by its blocking effect on the 
specific bacteriophage-antibacteriophage reaction. The specific soluble substance is 
not adsorbed by bacteria sensitive to the corresponding^ bacteriophage and does 
not represent a soluble l 3 'sin. The activitj' of the specific soluble substances is 
reduced by heating to temperatures above 65 C., and is completely lost after 
heating for thirty minutes at from 90 to 93 C. By the addition of relatively large 
amounts of the specific soluble substances to bacteriophage-antibactcriophage mix- 
tures the process of neutralization can be stopped and to some degree reversed. 
Rabbits inoculated with ultrafiltrates containing the specific soluble substances show 
a slight appearance of bacteriophage-inactivating antibodies. 

Author’s Summary. 


Immunological Studies with the Virus of Psittacosis. S. P. Bedson, Brit. 

J. Exper. Path. 14:162, 1933. 

The serums of persons convalescent from psittacosis possess no demonstrable 
neutralizing power, but will fix complement in the presence of a psittacosis antigen. 
Similarly, the serums of hyperimmunized guinea-pigs contain considerable antibody 
strength demonstrable by complement-fixation or agglutination tests, but onl}' a 
low neutralizing power. The value of the complement-fixation reaction in the diag- 
nosis of psittacosis is discussed. Virus which has been rendered inactive by means 
of a solution of formaldehyde can produce a considerable degree of immunity in 
mice. Virus to which a solution of formaldehyde has been added can be steamed 
for twenty minutes without much loss of immunizing power, but steaming alone 
has a deleterious effect. Author’s Summary. 


Hay Fever Reagin-Allergen. D. PIarley, Brit. J. Exper. Path. 14:171, 1933. 

Mixtures of reagin and allergen produce reactions in normal skins. Reagin 
is not inactivated by allergen in vitro. Allergen is bound by reagin in vitro. 
Allergen bound by reagin can be freed by heating to destroy the reagin. 

Author’s .Su.mmary. 


The Toxic Eitecis of Staphylococcal Filtrates Introduced Enterally. 

Grizel R. Borthwick, Brit. J. Exper. Path. 14:236, 1933. 

When staphylococcus toxin is added to gastric contents in vitro a slightly acid 
(/>ii 6.8) or a slightly alkaline {pn 7.8) reaction impairs its activit}% whereas no 

inactivation occurs at pn 1 2. Sj'mptoms of poisoning can only occasionally be 

produced in guinea-pigs and rabbits when toxin is introduced directly into the 
stomach. Uniformly positive results are obtained in experiments in which the 
reaction of the stomach is adjusted to pn 7.3 at the time the toxin is introduced. 
The animals die within five days, and postmortem signs of acute gastro-enteritis 
and marked congestion of internal organs, associated with hemorrhage in the 
stomach and kidneys, arc evident. Symptoms of poisoning can be produced by 

mtrarectal inoculation of toxin w’hen the rectum has been irrigated with saline 

solution and the reaction adjusted to pn 7.3. Postmortem features arc similar to 
those obtained after introduction of toxin into the stomach. This method is not 

so effective as inoculation into the stomach. a , 

Author s Summary. 


A. PiRiE and B. E. PIolmes, Brit. 


The Enzymes or the Agalactia Virus. 

J. Exper. Path. 14:290, 1933. 

1 he virus of Agalactia, when centrifugated out of a culture, can be shown to 
^ chloride, U. S. P. fmclhylenc blue) in the presence of lactate, 

broth serum. Growth of the virus m culture can be demonstrated by the 
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increased rate of reduction of niethjdthionine chloride by a measured amount of 
culture. A culture of Agalactia shows a large uptake of oxygen, and so also does 
a saline suspension of the virus in the presence of lactate or of broth. The 
dehydrogenase and oxidative systems are extremely sensitive to mechanical agita- 
tion. A saline suspension of the virus loses all its reducing capacity after air or 
nitrogen has been bubbled through it, or air in the presence of cyanide. The 
number of viable organisms is also much reduced. Broth has a protective effect 
on the enzymes and the viability. It is suggested that these facts may be of 
importance in connection with the filtrability of some other viruses. The enzyme 
activity and the viability are greatly reduced by exposure to light in the presence 
of very small amounts of methylthionine chloride. No change can be shown in the 
distribution of nitrogen in a culture during growth, and no disappearance of dextrose 
can be detected. There is nearly always a small decrease in lipoid phosphorus 
during growth. ^ Authors’ Summary. 

Agglutinins with Typhoid-Paratyphoid Vaccine. G. Giglioli, J. Hyg. 
33:387, 1933. 

The author’s results confirm Gardner’s views : Inoculation with typhoid-para- 
typhoid organisms gives rise to somatic agglutinins. This reaction is marked in 
the first few weeks after vaccination, but it is always limited to low and medium 
dilutions ; the highest titer for a positive result in this series, with an “O” antigen, 
was 1 : 320. In actual enteric infection “H” agglutinins are higher than “O” ; 
but "O” titers are higher in patients with enteritis than in vaccinated subjects. 
In four cases of typhoid and in twelve of paratyphoid C, "O” agglutinins were 
found after the first week in dilutions from 1 : 80 to 1 : 2,560, and appeared earlier 
in the disease than the “H” agglutinins. “O” agglutinins in vaccinated subjects 
do not destroy the qualitative receptor analysis in the serologic diagnosis ; quantita- 
tively the end-titer must be established. Diagnosis by serologic methods within 
three months after inoculation is uncertain. After this period the presence of “0” 
agglutinins in high dilutions is suggestive of active infection, and negative results 
of tests have little value unless confirmed. Edna Delves 

Multiple Toxins Produced by Sojie Organisms of the Cl. Welchii 

Group. A. T. Glenny and others, J. Path. & Bact. 37:53, 1933. 

Culture filtrates of “Bacillus paludis’’ and the lamb dysentery bacillus contain 
at least four toxins for each of which there is a specific antitoxin. The existence 
of these toxins has been demonstrated by means of titrations by different methods 
against a number of serums. This has revealed the deficiency, in certain serums, 
of one or more of the specific antibodies. The relative proportions of each antibody 
in a serum depend chiefly on the normal antitoxic content before immunization 
of the horse providing the serum. The intravenous method of testing mice does 
not measure any single toxin-antitoxin reaction. Authors’ Summary. 

Species Immunity to Virulent Streptococci. H. B. Day, J. Path. & Bact. 

37:169, 1933. 

When their virulence is exalted, streptococci become resistant to phagocytosis 
and to extraction with acid. Their agglutination reactions with antiserums are 
also modified. These properties of virulent streptococci appear to be due to their 
power of forming a special material which is antigenic. This special antigen is 
common to the species and is formed by streptococci of different types— both 
hemolytic and nonhemolytic. In broth cultures this antigen is formed only by 
highly virulent strains during the phase of active growth and is almost entirely 
attached to the cocci. In serum-broth cultures this antigen is also present in the 
culture fluid and persists longer. This species or “V” antigen resembles other 
antigens of pyogenic cocci in that it is: (a) resistant to acid, (l>) destroyed on 
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heating in an alkaline medium, (c) destroyed by exposure to the action of bacterial 
enzymes and (rf) readily adsorbed to protein on precipitation of the latter. Injec- 
tion of V antigen excites active immunity to all virulent streptococci, hemolytic 
and nonhemolytic, while the serums of animals so treated confer passive immunity. 

Author’s Summary. 


A Simple Method for Preparation of Specific Soluble Substance of 

Type I Pneumococcus. H. W. Dudley and W. Smith, J. Path. & Pact. 

37:341, 1933. 

The method depends on the precipitation of the specific polysaccharide from 
aqueous solution by 1.5 volumes of 96 per cent alcohol, repeated precipitation 
eliminating most of the accompanying contaminations. It is said to be a reliable 
method. 

The Serological Grouping of the Starch Fermenting Strains of C. 

Diphtheriae. J. O. Ewing, J. Path. & Pact. 37:345, 1933. 

One hundred and six starch-fermenting strains of Corynebacterium diphtheriae 
have been serologically tested and found to comprise five distinct types. The 
members of types A, P and D conform to the original description of the gravis 
organisms. Those of type C have an “atypical” colony form by which they may 
usually be distinguished. The fifth type (X) did not conform culturally to the 
description of the gravis organisms. The fifty strains which did not ferment starch 
were found to be serologically distinct from the starch-fermenting strains. 

Author’s SutiImary. 

Antihaemolytic Titre of Serum Following Staphylococcal Infection. 

J. I. Connor and M. McKie, J. Path. & Pact. 37:353, 1933. 

Our results indicate that though there is much individual variation, superficial 
infection in man is accompanied in a high proportion of cases by a rise in the 
antihemolytic titer of the serum. The results of the treatment in these cases by 
injection of toxoid, recorded elsewhere, show that a rise in antihemolytic titer 
accompanies improvement or cure. We are not, however, prepared to assume that 
these parallel observations are necessarily correlated, and the improvement in 
clinical condition may be due to allergic desensitization or to some other cause. 
In three cases of pyemia in man a high antihemolytic titer was found — it was 
highest in one who survived the infection — but in the artificially immunized animals 
there was no clear relationship between the antihemolytic titer of the serums and 
indefinite or prolonged survival following the intravenous injection of living virulent 
staphylococci. It is, however, of interest that three animals indefinitely survived 
the intravenous injection of 0.5 cc. of a virulent broth culture of staphylococci. 

Authors’ Discussion. 

Specificity of Pactericidal Properties of Normal Serum. M. H. 

Finkelstein, j. Path. & Pact. 37:359, 1933. 

A nonspecific soluble factor is present in suspensions of heated bacterial cultures 
which may produce inhibition of the bactericidal action of normal serum. Non- 
specific results sometimes obtained when normal guinea-pig serum is “adsorbed” 
with a bacterial culture and then tested for bactericidal properties are apparently 
due to this factor. Such effects may obscure the specific absorption of a natural 
lactericidal antibody by the bacterial antigen. Some samples of guinea-pig serum 
are unaffmed by this factor at 0 C. but are susceptible to it at a higher temperature, 
e. g. 15 C. ^ The inhibitory reaction produced by this factor is relatively slow as 
compared with specific absorption. a t 

Author s Summary. 
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The Bactericidal Pou'er of Normal Serum. 
37:367, 1933. 


J. Gordon, J. Path. & Bact. 


Adsorption of both normal and heated serums by dead bacteria fails to yield 
any evidence for the existence of a series of specific antibodies in serum. The 
loss of bactericidal power consequent on adsorption is never specific for the 
adsorbing organism but is always general. The behavior of adsorbed heated serum 
is especially important. This is also true of pig’s serum in spite of the fact that 
pig’s serum contains some specific agglutinins. It was not found possible to demon- 
strate any sensitization of living bacteria by heated serum. The results recorded 
in this article lead to the belief that bactericidal activity is the result of the joint 
action of complement and a nonspecific heat-stable intermediary factor. It is 
believed that this factor is adsorbed by the bacteria, but that possibly, owing to 
its nonspecific character, the adsorption is only feeble and is not necessarily a 
primary adsorption. The experimental demonstration of such an adsorption would 
therefore be difficult. Author’s Stoimary. 


Tuberculous Bacillaemia. G. S. Wilsox', Aledical Research Council, Special 
Report Series, no. 182, London, His Majesty’s Stationery Office, 1933. 

Critical examination of available records leads to the conclusion that tuberculous 
bacillemia is far less frequent than has been claimed by many workers. It appears 
that bacillemia of an intensit 3 ' sufficient to be detectable b 3 '^ present methods of 
examination is, except as a transitor 3 ’- phenomenon, rarely present in tuberculosis 
until the disease has assumed a more or less acute phasq^ accompanied b 3 ' extensive 
lesions or by actual generalization. It is present, perhaps, in from 5 to 10 per cent 
of cases of severe, advanced and progressive pulmonary disease and in from 30 to 
40 per cent of cases of miliar 3 ’ and meningeal tuberculosis. In the cardiac blood of 
patients who have died of tuberculosis, postmortem examination may be expected to 
reveal the presence of tubercle bacilli in about 50 per cent of the cases. There is 
practicall 3 ’^ no evidence that a tuberculous bacillemia ever occurs in such diseases as 
articular rheumatism, pob^arthritis, chorea, multiple sclerosis, schizophrenia, retro- 
bulbar neuritis, Hodgkin’s disease and certain diseases of the skin in the absence 
of gross lesions of tuberculosis, nor are there any sound reasons to suppose that 
the tubercle bacillus pla 3 "S an 3 ' essential role in the etiolog 3 ' of these diseases. The 
excessive numbers of positive results recorded 63 ^ some workers are attributable to 
the failure to realize, or to pay adequate attention to, the numerous fallacies attend- 
ing the demonstration of the tubercle bacillus. In this connection ma 3 ' be mentioned : 
(a) the occurrence in b^sed blood of acid-fast particles closely resembling tubercle 
bacilli; (b) the failure to take the elementar 3 ' precautions necessary to avoid confu- 
sion caused by the use of old slides, of blotting paper or of contaminated cedar-wood 
oil;(r) the impossibility, on microscopic grounds alone, of distinguishing the tubercle 
bacillus from saprophytic acid-fast bacilli that may gain access to preparations of 
suspected material from such situations as water, dust, excreta, sebaceous material 
and animal fodder, in which they are often abundant; (d) the assumption that 
macroscopic colonies of acid-fast bacilli appearing in culture are necessarily those 
of tubercle bacilli; (e) the diagnosis of tuberculosis in guinea-pigs following inocula- 
tion, on insufficient grounds, such as a microscopic demonstration of acid-fast bacilli 
in viscera of animals showing no macroscopic lesions or in the local lesion or 
regional Nniphatic glands of animals showing no other evidence of the disease, or 
such as macroscopic lesions due either to spontaneous tuberculosis or to Salmonella, 
Pasteurella, Brucella or pyogenic infections, or such as a reaction to tuberculin 
in an animal that is found at autopsy to show no signs of tuberculous disease. In 
regard to the work of Lowenstein, it is impossible on the evidence presented to 
accept the far-reaching conclusions, both of fact and of theor 3 ', that he has put 
forward. There is, moreover, no reason to believe that isolation of the tubercle 
bacillus from the blood is likely to be of any practical value in the early diagnosis 
of tuberculosis. From the Authors’ Summary. 
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Precipitin Reactions in the Blood of Rheumatic Patients Following 

Acute Throat Infections. B. Schlesinger and A. G. Signy, Quart. J. 
Aled. 2:255, 1933. 

Streptococcic precipitins can be demonstrated in the blood of rheumatic patients 
following acute streptococcic infections of the throat. Their formation is delayed 
until from the second to the fourth week from the onset of the nasopharyngeal 
infection (the end of the silent period), and their appearance in most cases fore- 
shadows a tendency to a relapse of acute rheumatism. The precipitin corresponds 
to the type of streptococcus responsible for the infection, but a certain amount of 
formation of cross-precipitin may occur. The formation of precipitin is regarded 
as one of the manifold reactions which take place in the patient’s defense mecha- 
nism during the silent period. Time is thus available for prophylactic measures if 
the infection of the throat has not passed unnoticed. Concentrated acetylsalicylic 
acid therapy during this period undoubtedlj' prevents serious relapses in many 
cases. It is not infallible, and further researches for a more reliable method are 
urgently required. Authors’ Conclusions. 

Paraspecific Immunity from BCG. A. Calmette and A. Saenz, Ann. Inst. 

Pasteur 50:433, 1933. 

Experimental and clinical observations have demonstrated that four or five weeks 
following the injection or ingestion of B C G vaccine there exists an immunity to 
diseases other than tuberculosis, notably to streptococcic, pneumococcic, brucella 
and anthracotic infections. Calfnette and Saenz believe that this accounts for the 
general reduction in mortality from all causes in vaccinated infants. 

From the Authors’ Conclusions. 

Asymptomatic Anthracic Infection in Man. G. J. Sinai, Ztschr. f. 

Immunitatsforsch. u. exper. Therap. 79:199, 1933. 

The population of a camp of Kossacks ate veal from a calf killed while it was 
sick with anthrax. Only one participant contracted the disease; he recovered in 
twelve days. ' Precipitation tests according to Ascoli were carried out on the other 
members of the tribe and on many inhabitants of the region. The blood serums 
of the tested persons were employed as antigen with a precipitating serum known 
to be specific. The result with the serums of fifteen of the thirty-eight tested 
persons was positive. Thirteen of the persons whose serums reacted positively 
ate the infected meat while of the 23 whose serums reacted negatively 17 ate 
the meat. The serums of a large number of the controls reacted negatively. Sinai 
concludes that consumption of meat infested with Bacillus anthracis ma}'^ lead to 
an asj'mptomatic form of the disease. The positive reaction of the serums of a 
few persons was found to have become negative after one month’s interval. 

I. Davidsohn. 

Influencing Resistance to Bacillus Coli with Other Bacteria. S. 

Nukada and K. Fujii, Ztschr. f. Immunitatsforsch. u. exper. Therap. 79:287, 

1933. 

One hundred and twenty-two rabbits were treated with cultures of fifteen 
different bacterial species and on the tenth da 3 '^ after the last injection were given 
a fatal dose of a highly virulent culture of Bacillus coli. Their resistance was 
markedly increased by treatment with cultures of Bacillus proteus. Bacillus pyo- 
cyaneus and Bacillus typhosus, and to a lesser extent bj^ treatment Hvith cultures 
of Bacillus paratyphosus A and B, Bacillus pertussis. Bacillus pestis and Meningo- 
coccus ; it was lowered by treatment with cultures of pneumococcus. Staphylo- 
coccus, Bacillus influenzae and Bacillus dj'senteriae. The resistance of the rabbits 
ivas not altered by treatment with cultures of Gonococcus, Streptococcus and Vibrio 
cholerae. The influence was assumed to be of a nonspecific nature. 

I. D.widsohn. 
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Suprarenal Gland and Infection. H. Langecker and E. Singer, Ztschr. f. 

Immunitatsforsch. u. exper. Therap. 79:326, 1933. 

Suprarenal cortex and liver fed to mice for seven days increased their resistance 
to streptococcic and pneumococcic infections. Extracts of the organs acted similarly, 
but only if proper quantities were injected. Suprarenal cortex proved more potent 
than liver. The resistance of guinea-pigs to tuberculosis and typhus fever was 
not influenced. , 

I. Davidsohn. 


Tumors 

Experimental Studies on Lymphomatosis of Mice. J. Furth, H. R. 

Seibold and R. R. Rathbone, Am. J. Cancer 19:521, 1933. 

Leukemic lymphomatosis (lymphoid leukemia), aleukemic lymphomatosis, 
lymphosarcoma and leukosarcoma are malignant processes ; they are different mani- 
festations of the same disease. Two factors are chiefly concerned in determining 
the type of the disease: (1) the possibility of free entrance of malignant lymphocytes 
into the circulation ; (2) the character of the malignant lymphocyte. These factors 
alone are not quite sufficient to explain the individual variations of the blood 
involvement and of the localization of lesions in animals inoculated with the same 
strain. Lymphomatosis is transmissible to healthy animals, the success of trans- 
mission depending on the transfer of viable cells. Blood cells readily transmit 
lymphomatosis of mice, but cell-free plasma fails to transmit the disease. Pro- 
cedures which destroy these cells but which fail to affect most viruses, such as 
adding glycerin or drying, inactivate the transmitting agent. Malignant lymphocytes 
are well preserved at low temperatures, and when kept in an icebox at -f 4 C. for 
as long as seven days transmit the disease, but at temperatures below — 20 C. 
these cells are destroyed in thirty minutes. At incubator temperature, namely 
37.5 C., they lose their transmitting power in from three to twenty-four hours. 
Leukemic lymphocytes are not lymphoblasts but malignant (pathologic) lymphocytes 
with limited power of maturation, and when these cells multiply, their characteristics 
persist. These characters determine their ability to produce tumors, to invade the 
blood stream, to transmit the disease to related or unrelated mice, to localize in 
certain organs, etc. The essential change in leukemia consists not in the appear- 
ance of immature blood cells in the circulation (analogous to the “shift to the 
left” of Arneth) but in the invasion of the blood stream by malignant lymphocytes. 
The success of inoculations depends on the characters of the malignant lymphocjffes 
persisting through successive passages, as well as on external factors such as the 
dose, the route of entry and the resistance of the mice. Furthermore, successful 
inoculation is dependent on an inherited susceptibility of the host. A single 
exposure to x-rays is sufficient to destroy the resistance of insusceptible mice to 
implantation of leukemic cells. The smallest quantity of irradiation that brings 
about this change is approximately 30 roentgens, and the percentage of successful 
inoculations increases with the quantity of irradiation. The duration of increased 
susceptibility depends on the quantity of x-rays used, and mice exposed to sub- 
lethal doses of x-rays may remain susceptible for three months. Irradiation of 
mice with sublethal doses immediately after inoculation does not destroy all the 
malignant cells that have been introduced and does not prevent fatal disease, but 
prolongs the duration of the illness by from 20 to 50 per cent, probably by partial 
destruction of the malignant cells. From the Authors’ Conclusions. 

Hemangio-Endothelioma of the Liver. Ralph H. Kunstadter, Am. J. Dis. 

Child. 46:803, 1933. 

A white girl, weighing a little more than 8 pounds (4,428 Gm.) at birth, 
although showing persistent extreme pallor, seemed to develop normally until 6 
weeks of age, when progressive enlargement of the abdomen began. Attacks of 
dyspnea and cyanosis occurred, anemia appeared, and later, constipation and recur- 
rent vomiting. Exploratory operation at 5 months of age revealed a greatly 
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enlarged liver extending down on the right side to the iliac crest and on the left 
to the level of the umbilicus. The surface of the liver was covered with numerous 
purplish-red nodules varying in size from that of a pea to that of a walnut. They 
were soft and somewhat fluctuant. On aspiration a bloody fluid was obtained. 
Death occurred in twenty-four hours. The liver weighed 765 Gm. On section 
many of the nodules consisted of cystlike spaces filled with partially clotted blood. 
Microscopically, the hepatic tissue, which showed marked fatty changes, was com- 
pressed by groups of flattened or cuboid endothelial cells which lined networks 
of vascular spaces of varying sizes. In some areas the lining cells formed papillary 
ingrowths; in others, they had proliferated in compact masses. In many fields the 
vascular spaces were found within the hepatic parenchyma with no tendency toward 
formation of a capsule. Metastases were not found. Fourteen other cases of 
hemangio-endothelioma of the liver were found in reviewing the literature. Meta- 
stases occurred in 53 per cent of these cases. Ralph Fuller 

The Cancer Cells of Serous Effusions. G. S. Graham, Am. J. Path. 9:701, 
1933. 

Neoplastic cells are readily demonstrable in pleural and peritoneal transudates 
resulting from neoplastic disease of the serosae. They are of interest not only 
because of their immediate value in clinical diagnosis but also because of the 
opportunity thej' afltord for cytologic stud}'. The tumor cells are believed to pro- 
liferate more or less actively within the fluid in which they are suspended. They 
occur as single cells or as clumps showing a more or less marked tendency toward 
organoid arrangement. Tumor giant cells occur not infrequently and may be present 
in large numbers. While their formation probably depends on unfavorable con- 
ditions of growth, the phenomenon may be for the individual cells a purposeful 
and protective mechanism. These giant cells appear to result from successive 
fusions between individual cells, with the gradual building up of great nuclear 
masses of varying form. It is suggested that multipolar mitosis is a result rather 
than a cause of giant and multiple nucleation of tumor cells. Multipolar mitosis 
is followed in some cases by cellular disintegration. No figures definitely identifiable 
as phases of nuclear reconstruction after multipolar mitosis have been seen in the 
present preparations. Author’s Su.m.mary and Conclusions. 

Cell Changes in the Anterior Hypophysis After Cancer Implantation- 
in Rats. M. F. Guyer and P. E. Claus, Anat. Rec. 52:225, 1932; 56:373, 
1933. 

Bits of rat carcinoma transplanted to young rats of our stock developed into 
active cancer in from 80 to 90 per cent of these animals. Much the same structural 
and physiologic changes occurred in the anterior lobe in the cancerous rats as 
follow castration of either males or females, namely, increased number of basophilic 
cells, vacuolation of basophilic cells and increased potency of the transplanted 
substance in stimulating ovarian size and sexual precocity. A Golgi-like apparatus 
was prominent in both the basophilic and the oxyphilic cells. This apparatus was 
closely associated with the formation of the vacuolar material of the basophilic cells 
in both the cancerous and the castrate rats. A distortion of the nucleus — usually 
an indentation on the side turned toward the Golgi-like apparatus — occurred in 
the larger and presumably older basophils of both the castrates and the cancerous 
rats; this condition was much more prevalent in the cancerous rats. That some 
influence emanating from the cancerous growth operated directly on the pituitary 
anterior lobe instead of through a sterilizing effect on the gonad is indicated by 
the following facts: (a) The estrual cycle showed little or no irregularit}- and 
cancerous animals mated and bore young, (b) No follicular atresia was found 
in rats with even advanced cancer, (c) Transplanted substance from the anterior 
lobes of cancerous castrates was more potent in stimulating ovarian growth and 
sexual precocity in immature rats and mice than was that from the anterior lobes 
of mere castrates. 
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Following implantation of the Flexner-Jobling carcinoma in the uteri of rats 
there was a slight increase in the number of oxyphilic cells in the anterior lobes 
of their pituitary bodies. The histologic picture was the same as that associated 
with pregnancy or with injections of estrin. Following such implantation in 
castrated females there was not so great an increase in the number of oxyphilic 
cells. Daily injections of 4 rat units of a water-soluble preparation of estrin 
(theelin) did not prevent the formation of castration cells in the hypophysis of 
either the castrated animal or that with subcutaneous cancer, although such treat- 
ment kept the females in a state of almost continuous estrus. The estrual cycle 
continued in rats with transplanted uterine carcinoma and sections of the ovaries 
of such rats disclosed the usual histologic picture of the nonpregnant rat. 

From the Authors’ Summaries. 

Spheno-Occipital Chordoma. Meyer Cantor and Louis D. Stern, Arch. 
Neurol. & Ps 3 'chiat. 30:613, 1933. 

Chordoma from the notochordal remnants may be an accidental finding; that 
is, it may give no symptoms, or it may give a variety of clinical pictures, depending 
on the location. In the case reported the clinical picture was made up of pain 
(aching) in the right half of the face, decrease of visual acuity in the right 
eye and signs of a slight involvement of the third nerve with those of increased 
intracranial pressure (absence of the posterior clinoid processes). A mass was 
seen pushing into the oral cavity from the right palatal region. It protruded 
externally in the region of the z 3 'gomatic process of the maxillary bone. There 
were loss of taste in the anterior part of the tongue, immobile palate, dysphagia 
and anesthesia of the right half of the face. Necropsy revealed a tumor pro- 
truding from the right palatal region into the oral cavity. It filled the right orbital 
and nasal cavities and the maxillary, ethmoid and sphenoid sinuses, destroyed most 
of the base of the skull and pressed on the right hemisphere, involving the second, 
third, fourth, fifth, sixth and seventh nerves. The tumor was vascular; calcium 
salts were deposited in the septums which divided the tumor into lobules. These 
contained physaliform cells, which were arranged in columns and were mostly 
vacuolated. Many of the vacuoles contained shrunken cells that resembled cartilage 
cells. There were no metastases. q. g H'vssiN. 

Astrocytoma of the Cerebellum: Survival for Forty-Five Years With- 
out Operation. L. Hausman and L. Stevenson, Arch. Neurol. & Psychiat. 
30:1100, 1933. 

The first symptoms of cerebellar tumor appeared between the ages of 6 and 
8 years, but the diagnosis of tumor of the brain was not made until the age of 16. 
For twenty-five 3 "ears following antisyphilitic treatment with mercury and iodides 
the patient was practically well, notwithstanding that neither the marital history 
nor the serologic studies revealed syphilis. Occasional relapses could be con- 
trolled by antisyphilitic treatment. For two years before death the cerebellar, 
mainh’- the mental, symptoms became uncontrollable. Necropsy revealed a fibrillary 
astrocytoma of the fourth ventricle with cystic formations, which extended into 
the right and partly into the left hemisphere of the cerebellum. Another C 3 'stic 
cavit 3 ^ took the place of the sylvian aqueduct, and the third ventricle was distended 
and both foramina of I^Ionro were enlarged. The pathologic conditions found at 
necrops 3 ’^ are assumed to date back to childhood. q g Hassin. 

Nasopharyngeal Carcinoma. O. Christianson and S. W. McArthur, Arch. 
Surg. 27:1109, 1933. 

Three primary nasopharyngeal carcinomas with metastases to the cervical lymph 
nodes are described. The diagnosis for each patient was made clinical^' by examina- 
tion of surgically excised tissues, and the body of one was examined post mortem. 
Histologicalh', all the tumors resembled immature squamous or pseudostratified 
epithelium, but in one the cells tended markedly to assume the arrangement and 
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structure of squamous epithelium. An essential clinical feature was the insidiou:; 
Ltd painless bilateral enlargement of the cersdcal l.emph nodes due to metastases. 
The bilateral distribution of the metastases resulted from the midlme location or 
the primarr tumor and the dissemination of the growth into the Ij-mphatics on 
both sides of the neck. Slight ^-ariations in cellular structure occurred in these 
carcinomas, but the variations were within the limits or the varieties of cells found 
in the pseudostratified epithelium lining the nasopharj-mc. 

Authors’ SuiiiLARy. 


Complement Fix.vtion Test in C.\rcinom.v. \\ . S.vphih and Xell Hirsck- 
BERG, J. Immunol. 25:439, 1933. 

The complement-fi-xation test has been studied in hvents'-seven serums of 
cancerous patients and eight}'-two control serums. The tests rvere positive in 
77.7 per cent of the serums of cancerous patients. Only one or the eightj'-two 
control serums, that from a patient with lobar pneumonia, gave a positive reaction. 
The authors are of the opim'on that the reaction is physicochemical and due to the 
influence of the antigen on the globulins in the serum, rather than a specific antigen- 
antibody reaction. The clinical sulue of the reaction awaits further observation after 
refinement and after attainment of a better understanding of the nature and 
limitations of the test Authors’ Scmsi.vrv. 


Specificity of Immunity Elicited by [SIouse S.vrcoslv. H. E. Andervont. 

Pub. Health Rep. 48:1472. 1933. 

.\cquired immunity' induced by propagable tumors is known to be effective 
against other transplantable growths. The purpose of the experiments recorded in 
this paper was to continue the earlier investigations pertaining to the specificity- 
of the immunity- elicited by sarcoma 180. The results attending the previous 
investigation and those recorded in this communication may- be summarized as 
folloyvs: 1. Sarcoma 180 induces resistance in mice which is effective against 
carcinoma A, carcinoma 63 and carcinoma 206. 2. It fails to induce am- pro- 
nounced resistance to sarcoma 37. 3. Groyvth of carcinoma A, carcinoma 205 or 
sarcoma 37 in the mouse’s tail elicits concomitant immxmity- in a considerable 
I>ercentage oi instances. However, the resistance induced by any or these tumors 
is not effective against sarcoma 180. Al-thor’s Summ.vkv. 


The Fujin.vmi Mt-.vos.vrcoilv in Ducks. W. T. Pl-rdy, Brit J. E.xper. Path. 
14:297. 1933. 

Xorraally, adult ducks recover from a Fujinami infection and are then solidly 
immune to the disease. It has now been shov.-n that this immunity- to subsequent 
infection is well developed by the third day, and that immunity' becomes complete 
within the following feyv daj-s. It has now been shov.-n. too. that Rous sarcoma 
no. 1 growing in a duckling does not induce immunity- to a Fujinami infection. 

-Author’s SuMiLvRY. 

Tumors of the Testis. .A. Pruszczynski. Virchows Arc’n. f. path. Anat 
290:137. 1933. 

Pruszczynski describes four malignant tmnors of the testis and presents a 
general consideration of testicular neoplasms based on the French and German 
literature. Tumors of the testis may be simple, mixed or teratoid. The simple 
tumors may be benign or malignant epithelial neoplasms or benign connective 
tissue tumors. The occurrence of sarcoma of the testis is doubtful. The malig- 
nant epithelial groyvths are diy-ided into those with origin from the yvolfnan duct, 
of v.-hich one is described, and those originating in the seminal tubule epithelium. 
Tumors of the latter division he subdiy-ides into seminomas of mesoblastic tvpe. of 
spermatogonial tj-pe, of Sertoli cell ty-pe and of mixed tj-pe. The seminomas of 
mesoblastic ty-pe are composed of small, deeply- stained cells derived from the 
undifferentiated mother cells of the tubules of the developing testis. Pruszczvnski 
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describes one such tumor in tlie cryptorchid testis of a pseudoliermaphrodite. The 
other two neoplasms which he describes in detail were spermatogonial seminomas. 
He appends descriptions of a benign and a malignant teratoma of the testis. He 
does not accept the view of French authors that such tumors arise from the 
primilive kidney. 0 ^ 

Myelin Sheaths in Ganglioneuromas. B. Karitzky, Virchows Arch. f. path. 

Anat. 290:161, 1933. 

Three immature and four mature ganglioneuromas of a series of eighteen were 
especially examined for the presence of myelin sheaths. Sheaths were found in 
all the number varying with the degree of maturity of the tumor tissue. The 
sheaths were new formed. Their formation began in the more mature parts of 
the tumor and usually about blood vessels. q ^ Schultz 


Cavernous Hemangioma of the Suprarenal Glands. M. Muller-Stuler, 
Virchows Arch. f. path. Anat. 290:177, 1933. 

The condition described was an accidental finding at the necrops}"^ of a woman 
aged 77 years. The suprarenal glands measured, respectiveh^ 6.4 by 4.2 by 1.8 cm. 
and 6 by 3.S by 1.3 cm. Each consisted predominatingly of cavernous blood 
spaces, in some of which thrombosis and calcification had occurred. The condition 
is held to have been due to congenital maldevelopment. No symptoms referable 
to the suprarenal glands had been noted during life. q 'p Schultz 


Serologic Differentiation Between Gliomatous and Normal Cerebral 
Parenchyma. H. Reichner, Ztschr. f. Immunitatsforsch. u. exper. Therap. 
80:85, 1933. 

In complement-fixation tests, the serum of one of three rabbits treated with 
gliomatous tissue reacted specifically with the homologous antigen (glioma), permit- 
ting a sharp differentiation of gliomatous from nondiseased cerebral tissue. Serum 
immunized against normal brain tissue reacted with normal as well as Avith neo- 
plastic cerebral tissue. Some antiserums produced with gliomatous tissue had the 
properties of organ-specific antiserums. Attempts to make the antitumor serum 
absolutely specific by adsorption with brain tissue failed, because this removed all 
the antibodies. I. Davidsohn. 


Relation Between Fowl Leukosis and Sarcoma. A. R. Meyer and J. 

Engelbreth-Holm, Acta path, et microbiol. Scandinav. 10:380, 1933. 

Erythroblastosis and myelosis of fowls are related to transmissible fowl sarcoma. 
The authors worked with a strain possessing both erythroblastic and sarcomatous 
properties. Intravenous injection of the material caused erj'throblastosis ; intra- 
muscular administration induced sarcoma. Among seventy-two fowls with induced 
erythroblastic reactions there Avere fourteen AAUth typical erythroblastic leukoses. 
There Avere sixty foAvls Avith induced fibrosarcoma of characteristic destructive 
poAver. In tAA^enty-one instances there Avere both sarcoma and erythroblastoma after 
intramuscular injection of the fresh tissue. In the Auscera, endotheliornatous and 
angiosarcomatous changes Avere found. These changes are ascribed to action of 
the agent on immature mesenchj'mal cells (hemohistioblasts). Jacob Klein. 
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CHICAGO PATHOLOGICAL SOCIETY 
Regular Monthly Meeting. Jan. 5, 193- 
£. H. Hattok. President, in the Chair 


OCCCHSEXCE AXD SiGXIFICAKCE OF GeRAIFN'AI- C^XiESS (ir Lr.lIlIIN'G) IZt TiiH 

HuiiAK Sfeeex. Paue R. G\xxok. 

An exsininstion of 416 human spleens v.'as made v.nth especial reference to the 
so-called germinal centers in the malpighian corpuscles. The object vras to learn 
whether the secondarv nodules are centers tor the production or Ijunphocy les or cen- 
ters of reaction to pathologic stimuli. The secondary nodules (more lightly stained 
areas composed of cells other than small Ij-mphoo-tes) were arranged in three 
groups: (1) those consisting largely of fragmented Ij-mphootes. or poiymorpho- 
nucl^r leukocytes: <2) those composed predominantly of retioilum cells, and (3) 
those in which hyaline material was conspicuous. 

FoTty-ionr of the spleens contained such secondary nodules in considerable 
munbers. In the ether 374 spleens, or 90 per cent, the nialpighdan corpuscles con- 
sisted largely of small Ijmphocytes. Of the abnormal secondary- nod-ules, ten 
belonged to group 1. twent)--nine to gro-up 2. and five to group 3. The secondary- 
nodules ocoirred in patients -rary-ing in age from 5 months to 72 years, b-ut abo-ut 
tv.-c-thirds of them in persons under 35 years of age. Practically all occ-urred in 
patients suffering from severe acute or chronic infectious or toxic diseases such 
as acute rheumatic fever, ulcerative endocarditis, generalized tuberculosis, gen- 
eralized peritonitis, acute leptomeningitis, acute bilateral otitis media, glomer-ulo- 
nephritis or acute toxic necrosis of the liver. None or only occasioral ones v.-ere 
fc-und in patients w-ho had died from carcinoma, either localized or generalized, 
hinphatic leukemia. Hodgkin’s disease or h>-pertensicn. 

Special stains, particularly ilallory’s connective tissue stain and hematormlin- 
ecsin-azure, indicated that the “centers"’ in group 1 represented areas of acute 
localized mflanimation, whereas those in groups 2 and 3 represented proliferative 
reactions w-ith the formation of collagen or hyalin. Amyloid changes were also 
included in this group. La r ge and medium-sized hmphccytes were inconspicuous 
in all of the three groups. 

These findings suggest that the tissue reactions descri'oed represent eicudative 
and proliferative responses of hrnphoid tissues to pathologic stimuli rather than 
centers for the active production of Ij-mphocytes and add rurther evidence to the 
hr-pothesis of Heilman that they sho-uld be regarded more as "reaction centers" 
than as "germinal centers." 

DISCUSSIOIt 

P. A. Deeaxe'i : Did you have an opport-unity to study developing germirial 
centers of the lymph nodes? 

P. R. C-vxxox : Xo : only those in the spleen, ilost studies have been made 
on I>-mph nodes. 

P. A. Dei_axev: As regards the q-uestion whether they v.-ere endothelial or 
Ij-mphatic germinal centers, it is important to state that reticulocytes are net 
lymphoblastic, 

Moxoci-nc LEt.-Kzj£Lt. ATcrop, Le\-ixe. 

In 1913 Reschad and Schilling reported a disorder which they desianated 
“ieulremia wit’n transitional cells.’’ a monocytic leukemia. Dameshek. in 1930. col- 
lected th!rt 3 --three instances, nineteen of which he considered authentic. 
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Considerable confusion exists about monocytic leukemia. First, there has been 
no agreement as to the origin of the monocytes. Some consider them derivatives 
from myeloblasts; others, from lymphocytes, and still others, from reticulo- 
endothelial cells. Secondly, monocytes and their derivatives, the circulating histio- 
cytes, are often found in large numbers in the blood stream in infectious conditions, 
such as kala-azar, malaria and smallpox, many cases of which are erroneously con- 
sidered as monocytic leukemia. ThirdlJ^ true myelogenous leukemia may have a 
transient or permanent monocytic phase. Finally, many recent reports are too 
incomplete or indefinite for careful analysis. 

In the last two years there have been five patients with monocytic leukemia 
and one with myelogenous leukemia with an acute monocytic phase at Grant 
Hospital and Cook County Hospital. These conditions have been verified post 
mortem. They' occurred in more than 6,000 autopsies, fifty-six of which were in 
cases .of leukemia. Of the fifty-six cases of leukemia, thirty-five were acute. In 
most of the acute cases the leukemia was myelogenous, disproving the statement 
of Pinkus, in 1905, that all acute leukemias are lymphatic. 

In acute myelogenous leukemia there is an extensive proliferation of myeloblasts 
in the marrow, with a predominance of myeloblasts in the blood. In acute mono- 
cytic leukemia an analogous condition might be expected, such as a marked pro- 
liferation of the reticulo-endothelial cells in the marrow and a predominance of 
monoblasts (the immature precursors of monocytes) in the blood. This however 
does not occur. Marked proliferation of the reticulo-endothelial cells usually 
appears as a response to infectious or metabolic disorders and does not develop 
into leukemia ; it is a reticulo-endotheliosis. Since it differs from leukemia, the 
term “reticulo-endothelial leukemia” should not be applied to monocytic leukemia. 

In monocytic leukemia the blood differs from that in other leukemias in that 
the most numerous cells are the monocytes and their descendants, the circulating 
histiocytes. Monoblasts must be present for a diagnosis of leukemia, but rarely are 
they the most numerous of the cells. The monoblast is from 15 to 40 microns in 
diameter and has a narrow rim of deeply basophilic cytoplasm containing a round 
nucleus in which the chromatin has a spongy or sheepskin-like appearance. 

Oxydase stains were used in studying the cases reported here. In all but one 
the monocytes in the blood stream contained oxydase granules, and in the micro- 
scopic sections of this one, many of the monocytes had oxydase granules. In one 
patient the ox 3 "dase reaction was marked; in most instances the monocytes had 
fewer oxydase granules than the cells of the myelocytic series. This discrepancy 
is unexplained at present. With the supravital stain in two cases many of the 
cells were typical monocjdes and histiocytes. 

Of the five cases of monocytic leukemia, two were in women. Four had short 
clinical courses, and one was known to have been present for four months. Com- 
plaints involving the nose and throat, such as epistaxis, bleeding gums and ulcerative 
gums, were frequent. Several patients had petechiae; in only one was the spleen 
easily palpable. All the patients had moderately severe anemia. The lowest white 
cell count was 4,400; the highest, 120,000. The differential count in most cases 
disclosed the monocytes as the most numerous cells, the percentage in one instance 
being as high as 70. The percentage of monoblasts varied from 7 to 37. Normo- 
blasts were frequent in some instances, and a few immature granulocytes were 
present in several instances. In the case of myelogenous leukemia with a mono- 
cytic phase, while the monocytes were predominant in the stains of the blood there 
were also a few myeloblasts and myelocytes, as well as monoblasts. 

At autopsy the marrow was hyperplastic; the weight of the spleen ranged from 
50 to 1,000 Gm. Differential counts of the cells in the marrow were made in all 
except one case in which the fixation was poor. These counts are considered the 
final criterion in diagnosis. In the cases of monocytic leukemia the preponderant 
cells were the monocytes and immature monocytoid cells. Their percentage varied 
from 52 to 77, whereas the highest percentage of cells of the granulopoietic series 
was 24. In the case of myelogenous leukemia with an acute monocytic phase, the 
cells of the monocytic series were 39 per cent while the granulopoietic cells were 
42 per cent of the total. 
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Arrested Development of the Primary Excretory Duct. C. W. Apfelbach. 

The genito-urinary tract from a full-term male infant 1 hour old was demon- 
strated. The two soft and boggy kidneys were enlarged symmetrically to approxi- 
mately five times the normal size. The markings of the fetal lobations ^ were 
irregular. The hilus of each kidney was more in the anterior surface than in the 
medial. The two ureters were short and the lumens narrow. The urinary bladder 
was only 1.5 cm. long and the trigon, particularly, was minute. The urethra had 
a circumference of from 2 to 3 mm., and there was an epispadias. The testes had 
not descended into the scrotum. There was one renal artery for each kidney with 
a circumference of 3 mm. When the kidneys were sectioned in the usual way, 
the renal pelves were narrow tubes of the same caliber as the ureters. There 
were two short major calices also approximately the size of the ureters. There 
was an abundance of renal tissue. The cortex and the columns of Bertin were 
more distinct than the medullary portion. The cortex was made up of multiple 
minute C 3 fsts. In the medulla onl}’’ a few large tubes were present. 

The cortex contained many small glomeruli with dilated capsules and many 
tubules, all separated by an edematous stroma. In sections through the medulla 
there were only occasional tubules. 

Inasmuch as the ureter, renal pelvis and collecting tubules, part of the trigon 
of the urinary bladder and the vas deferens are derived from the primary excretory 
duct, this anomaly is explained on the basis of arrested development of that 
structure. 

Calcification of the Dural and Cerebral Tissue in a Hydrocephalic 
Idiot Child. George Rukstinat. 

A girl idiot, aged 354 years, was the second child and the second idiot girl 
born to apparently normal parents. The first child developed poorly and died at 
the age of 3 j'ears. Neither child had stigmas of mongolian idiocy. The second 
child died of bronchopneumonia and was markedly emaciated. Necropsy was per- 
formed about eight hours after death. The fontanels were closed, the cranial 
sutures were distinct, and the calvarium was symmetrical. The top half of the 
dura was opaque and glistening and in its dorsal third was about twice the normal 
thickness. The leptomeninges of the entire top of the brain were edematous ; the 
convolutions were narrow and the sulci deep. The lateral ventricles were 
abnormally fluctuant from bilateral internal hj'drocephalus, which had increased 
their maximum cross diameter to 7 cm. The larger arteries and veins of the brain 
were unchanged. On the right side, in the wall of the superior longitudinal sinus, 
3 cm. anterior to the torcular Herophili, was a yellow-gray, firm mass 15 mm. 
long and from 1 to 2 mm. thick. Its long axis paralleled the sinus, and a small 
lateral projection lay in contact with one of the larger meningeal veins. Similar 
but smaller deposits occurred in the dorsal half of both cerebral hemispheres, 
especially at the junction of the gray and white matter. Two such masses formed 
ridges beneath the lining of the lateral ventricles. The masses were especially 
abundant in the dentate nuclei and could be traced in clusters about the main 
arteries in these structures. The deposits were hard and gritty with exception of 
the single mass in the dura. 

Microscopically, the deposits contained calcium, which occurred as globules in 
the brain tissue and as cords along the capillaries and in the adventitia and media 
of the arteries. The globules formed conglomerate mulberry-like masses and, 
combined with short cords, formed structures like a child’s jack with bulbous ends 
on thinner crossing and interlacing bands. In some arteries the lumen was com- 
pressed to half the diameter of a red blood cell. About the regions of densest 
deposit there was a marked capillary proliferation but only a slight increase in glia, 
ilost zones about these deposits were, in fact, remarkable for their lack of reaction. 

The other organs were altered only in a way compatible with the marked 
inanition and the bronchopneumonia. The thj'mus weighed only 8 Gm. 
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The presence of the calcified material in the outer portions of vessels and in the 
perivascular spaces was evidence, in some measure, of the route taken by the sub- 
stance predisposing to calcification. The nature of this substance was not apparent 
but it seemed possible to postulate some injury to the brain at birth or as a result 
of the hydrocephalus which supplied the necessary base material in which calcium 
later accumulated. The limitation of these deposits to the brain and dura sug- 
gested a local chemical disturbance such as an altered carbon dioxide content of 
the tissues, although certain endocrine dysfunctions might have explained the 
condition. 

DISCUSSION 

R. H. Jaffe: The possibility of traumatic lesions may be considered. Lesions 
due to trauma of the brain at birth often cause different kinds of calcification. 

G. Rukstinat : I have considered that. There were no reactions around the 
lesions. 


PHILADELPHIA PATHOLOGICAL SOCIETY 

Regular Meeting, Jan. 11, 1934 
V. H. Moon, President, in the Chair 

Cyst in a Large Myoma Undergoing Sarcomatous Change. Lewis C. 

SCHEFFEY. 

A Negress, married, aged 39, a secundipara, was admitted to the gynecologic 
service of the Jefferson Medical College Hospital, Jan. 9, 1933, complaining of 
menorrhagia, vaginal discharge, frequency of urination and abdominal enlargement. 
The menstrual disturbance and vaginal discharge had been present for three years ; 
the irritability of the bladder and the abdominal enlargement were of one year’s 
duration. Bimanual examination revealed a soft, fluctuating, freely movable and 
well-outlined enlargement occupying the entire pelvis and lower abdomen and extend- 
ing above the umbilicus. Pregnancy and pelvic inflammatory disease having been 
excluded, a presumptive diagnosis of a soft myoma of the uterus or an ovarian 
cyst was made. The abdomen was opened on January 26, following a preliminary 
curettage of the uterus. The uterus was found uniformly enlarged, with a smooth, 
glistening surface; it had the size and appearance of a uterus seven months preg- 
nant. The adnexae were normal. Supravaginal hysterectomy was done, the tumor 
being removed intact, with conservation of both adnexae. 

On being incised on the anterior surface the tumor released 3,500 cc. of clear 
serous fluid similar to amniotic fluid. The wall of the uterus was markedly 
thickened, being made up of trabeculated and convoluted formations of fibrous 
tissue. This large cavity (12 by 8 by 8 cm.) in the uterine wall encroached on 
an elongated, thinned-out endometrial surface, but was encapsulated in the anterior 
uterine wall, being a so-called pseudocyst of the uterus ; it was in a m 3 mma that 
had undergone hyaline and cystic degeneration with liquefaction. 

The histologic report (Dr. Crawford and Dr. Hoffman) was as follows : 
The uterine glands were beginning to assume serpentine formations and a few of 
the glands presented earl}'^ secretorj' activity. Here and there a gland was 
C 3 ^stically dilated and h 3 'perplastic. The stroma was edematous and rather well 
vascularized. The myometrium was well vascularized and somewhat edematous. 
The fibroc 3 ^st was lined by a rather thick zone of cellular tissue, which was mosth' 
made up of muscle cells intermingled with other types of cells such as spindle 
cells and round cells. This great cellularity gave the growth a malignant appear- 
ance. The variation in the chromatin content, size and shape of the nuclei and 
the mitotic figures fit into the picture of sarcoma. The clumping of cells was 
rather characteristic of sarcoma. This growth was more or less differentiated 
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in some areas from the underlying normal musculature. In some areas deep 
penetration by the sarcomatous growth was seen. 

Postoperative roentgen examination revealed no metastatic areas in the lungs 
or bones. The patient was heard from recently and had remained well. This 
case is reported in Surgical CUuics of North America (14:143 [Feb.] 1934). 

The occurrence of a large cystic myoma has been reported by R. T. Frank. He 
mentioned enormous tumors reported by Lihotskj% containing 3.4 liters (3,400 cc.) ; 
Lingens, weighing 45 pounds (20.4 Kg.) ; Webster, 87 pounds (39.4 Kg.), and 
Kelly and Cullen, 89 pounds (40.4 Kg.). In none of the reports of these cases 
was the occurrence of sarcomatous degeneration mentioned as a complicating lesion. 
The resemblance to pregnancy may be striking. Hartman erroneously reclosed 
the abdomen in such a case (reported by Frank). 

Carcixoma of the Tail of the Paxcreas Associated with Polyposis axd 

Carcinoma of the Stomach. John W'. Parsoxs. 

A Negro, aged 39, had had syphilis of the central nervous system for five 
years and epigastric pain with occasional attacks of vomiting for three weeks. 
He was admitted to the hospital of the University of Pennsylvania in September, 
1933. He was poorly nourished, with signs of tabes dorsalis and optic atrophy, 
and had a diffuse mass in the epigastrium. His course was steadily downward 
and he died three months after admission to the hospital. 

Autopsy revealed a large, firm, whitish-pink mass occupying the tail of the 
pancreas which was poorly defined from the surrounding tissue. The lymph nodes 
in the region of the pancreas were greatly enlarged owing to infiltration by similar 
firm tissue. The liver was studded with nodules of tumor tissue, and these were 
confluent over a large area in the right lobe. The peritoneal surfaces of the intestine 
contained many small nodules, and similar tissue was observed in the suprarenal 
glands and kidneys. 

The stomach was greatly dilated and its wall thickened. The mucosa was 
thickly studded with small, moderately firm, polypoid masses varjdng from a few 
millimeters to I cm. in diameter. There were three large ulcers on the mucosa, 
two of which were covered by unbroken epithelium and were apparently healing. 
The third was larger than the others; its center was covered by a thin layer 
of dirty brown necrotic material, and its edges were slightly elevated above the 
adjacent mucosa. The pylorus was the site of a ring of large confluent polyps 
which almost completely occluded its lumen. 

The mass in the pancreas was composed of large, poorly differentiated, actively 
growing epithelial cells. There was some tendency toward glandular structure, 
though many areas were solid. The stroma was moderately dense with few large 
blood vessels. The nodules in the lymph nodes, liver, intestine, suprarenal glands 
and kidner' conformed to this histologic structure. 

The mucosa of the stomach was greatly hyperplastic, with considerable increase 
in the size of the epithelial cells, which contained numerous large vacuoles. The 
polyps were composed of such epithelium and were supported on a narrow stalk 
of loose fibrous tissue. Sections from the ulcerated area showed the center to be 
denuded of epithelium and covered bi' necrotic debris. The edges revealed irregular 
hyperplasia of the epithelium, which penetrated the basement membrane in places 
and extended in irregular cords into the submucosa. Under the center of the ulcer 
such epithelial overgrowth was especially conspicuous, and here there also was 
penetration of the muscularis mucosae. 

There were several areas in the stomach in which cords of epithelial cells were 
found growing within lymphatic vessels in the subserosa. These cells resembled 
the cells of the tumor of the pancreas more than they did those of the carcinoma 
of the stomach. 

The mass in the pancreas was a primary carcinoma of poorly differentiated 
type. The ulcerated area in the stomach showed unmistakable signs of carcinoma 
pnmarj- at that site. The polyps on the gastric mucosa showed no tendency toward 
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malignancy. The metastatic tumor nodules all resembled the pancreatic carcinoma 
rather than that of the stomach. It is of special note that metastases from the 
pancreatic tumor were found in the stomach, itself the site of a carcinoma. 

Acute Amebic Dysentery. F. L. Hartman and Clarke E. Brown. 

A white man, 41 years of age, was admitted to the Lankenau Hospital Aug. 27, 
1933. He had attended a convention in Chicago from June 21 to June 26. The 
date of onset of the symptoms was not recalled, but during July he experienced 
severe attacks of abdominal pain, without nausea or loss of appetite. After 
the first of August he noted increasing fatigue but nevertheless continued at work 
until August 20. The onset then was sudden with severe pain in the abdomen 
and intense constant desire to defecate. The bowel movements were about twenty 
in twenty-four hours, containing much mucus and little blood. There was prac- 
ticall}^ no rise in temperature. Tenesmus was intense. There was no vomiting. 
The abdominal wall was fairly rigid and sensitive to the touch. These records 
were supplied by Dr. R. H. BIoss, of Bethlehem. 

On admission the patient was moribund. According to his wife he had always 
enjoyed good health except for occasional attacks of epigastric distress coming 
on immediately after meals for the past four or five years. These were extremely 
mild and were always relieved by his taking a small amount of soda. He had 
never had diarrhea. 

The patient was semistuporous ; the skin was cold, clammy and pale. The 
heart was moderately enlarged; there were no murmurs but the muscle tone was 
decidedly poor. The abdomen showed moderate distention, generalized mild 
tenderness and slight rigidity. Peristalsis was increased. 

On rectal examination pronounced bogginess of the wall was found just inside 
the sphincter, and as the finger was inserted farther it met with apparent obstruc- 
tion. This obstruction was due to firm ridges with apparent excavations such 
as one finds in an ulcerative carcinoma. However, the feel was not nodular and 
not hard. It gave one the impression of intussusception with the edematous bowel 
extending down. There was a constant discharge from the rectum of a thin, 
brownish-black, watery, mucoid fluid, and although the patient had marked 
tenesmus and bearing down there were no large stools. Examination of the fluid 
from the rectum showed mucus, a heavj' trace of blood, absence of bile, large 
amounts of pus, epithelial cells and granular debris. The reaction was alkaline. 
Parasites were not found. The patient’s death occurred the next morning. 

Autopsy (by Dr. Brown) revealed generalized purulent and pseudomembranous 
colitis with transverse but nonperforating ulcers destroying almost the entire mucosa. 
The lower 6 cm. of the ileum was also involved. In sections stained with hema- 
toxylin-eosin, iron-hematoxylin, the Giemsa stain and thionine, Endamoeba histo- 
lytica was found in abundance in all three layers of the thickened intestinal Avail. 
Other organs were not involved. 

Effect of Reticulo-Endothelial Cell Blockade on the Formation of 
Antibodies in Rabbits. Louis Tuft, ndth the assistance of Mary 
Mulrooney. 

Considerable difference of opinion exists concerning the relation of the reticulo- 
endothelial system to the formation of antibodies as determined by blockade of the 
cells Avith inert particulate material. In the experiments reported as yielding no 
evidence of such a relationship the fault in the opinion of Cannon and his 
co-Avorkers Avas either in a failure to give sufficient!}'' large amounts of the 
blockading material and to continue its administration throughout the experiment 
to insure continued saturation of ncAvly differentiated cells or in the use of too 
fcAV animals or too large a dose of antigen. Employing these principles, they Avere 
able to shoAV definite inhibition of the formation of hemolysin after blockading 
the reticulo-endothelial system Avith India ink. 
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B}" employing the same type of technic with slight modification we determined 
the effect of blockade of the reticulo-endothelial cells with india ink and trypan 
blue on the formation of agglutinins to the typhoid bacillus and to the paratyphoid 
bacilli A and B and on the formation of complement-fixing antibodies to the typhoid 
bacillus, the production of such antibodies in forty rabbits being stimulated by intra- 
dermal and intravenous injections of from 1 to 3 doses of mixed typhoid vaccine. 
Examination of the tissues of the “blocked” rabbits revealed marked infiltration 
of the reticulo-endothelial cells with india ink. 

The results of these e.xperiments showed fairly conclusively that this type of 
blockade is effective in preventing the formation of agglutinins and complement- 
fixing antibodies against typhoid, paratyphoid A and paratyphoid B bacilli, as shown 
by a suppression of both the natural and the acquired agglutinins and likewise by 
a failure of control animals that had previously shown ability to produce antibodies 
to produce them after being “blockaded.” This suppression was independent of 
the tjq)e of blockading material emploj'ed or the route of administration of the 
antigen, the agglutinins being suppressed with considerable ease. 

The results of these experiments suppl}"- further evidence of the importance of 
the reticulo-endothelial cells in relation to the formation of antibodies and emphasize 
the point brought out b\' Cannon and his co-workers that in all blockading experi- 
ments, irrespective of the material or the antigen employed, continued saturation 
of the reticulo-endothelial cells to suppress the activity of newly regenerated cells 
is essential for satisfactory results. 

Immunization of Monkeys Against Acute Anterior Poliomyelitis with 
Special Reference to Oral Immunization. John A. Kolmer and 
Anna M. Rule. 

A chloroform-treated vaccine of monkey poliomyelitic spinal cord in a total 
dosage of 1 cc. by subcutaneous and intracutaneous injection failed to immunize 
two monkeys against intracerebral inoculations of the virus. Subcutaneous injec- 
tions of a sodium ricinoleated vaccine appeared to produce slight immunity in one 
monkey while intracutaneous injections immunized two additional animals in a 
more convincing manner. Intracutaneous injections of an untreated vaccine suc- 
cessfully immunized one animal; when it was administered by a stomach tube it 
failed to protect two animals. A heated vaccine failed to immunize five monkeys 
when administered subcutaneously, intracutaneously and by stomach tube. Hexa- 
methylamine, metaphen, mercurochrome, Pregl’s solution of iodine (the solution 
resulting from the action of iodine on sodium carbonate solution), sodium and 
gold thiosulphate, sodium ricinoleate, neoarsphenamine, neutral acriflavine, trypar- 
samide and bismuth potassium tartrate were ineffective in the treatment of experi- 
mental poliomyelitis in monkeys. From five to eight intravenous injections of 
each conipound were given at intervals of three days in doses per kilogram of 
body weight comparable in most instances to the maximum amounts given adult 
human beings in the treatment of various diseases. 
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Diet and the Teeth: An Experimental Study. Part III. The Effect 
of Diet on Dental Structure and Disease in Man. By May Mellanby. 
Medical Research Council Special Report Series, No. 191. Price, 5 shillings. 
Pp. 180, with 46 plates. London: His Majesty’s Stationery Office, 1934. 

The author’s former work led naturally to the study of the teeth of man. In 
this comprehensive report, replete with illustrations, the author points out that the 
procedure in man necessarily must be different from that in experiments on 
animals. She first describes the structure of a perfect tooth. She then reports 
the results of her investigations on hypoplastic teeth. It was found that a close 
correlation exists between external appearance and internal structure, and that there 
is a definite relationship between caries and hj'poplastic teeth. For example, in 
1,500 deciduous teeth which were subjected to a comprehensive examination, 
78 per cent of those with normal dentin were free from caries, while only 6 per 
cent of very h 3 '-poplastic teeth were free from caries. Although the evidence for 
a relationship between hypoplasia and caries is weighty, the condition of many 
teeth could not be explained by this hypothesis. Further investigation revealed 
that nearly all the exceptions to the first hj'pothesis could be explained by assuming 
a change in the character of the tooth subsequent to eruption. It was thought 
that this change in the nature or resistance of the tooth could be accurately 
determined by the presence and character of the secondary dentin. Thus, the 
author found that only 32 of 1,500 deciduous teeth were exceptions to the two 
general l^potheses, namely, that primary structure and caries are directly asso- 
ciated, and that the reaction of teeth to caries or attrition is modified after 
eruption, as is indicated by the presence and character of the secondary dentin. 

Next she reports dietary experiments on groups of children in order to deter- 
mine whether the incidence and progress of caries are affected by diets which, 
in general, are rich in vitamin D, calcium and phosphorus and low in anti- 
calcifying substances. Although the number of children in these experiments was 
not great, and the duration was somewhat limited, she considers the results suffi- 
ciently striking to indicate that her previous experiments on animals are reliable 
guides to the study of dental disease in man. 

The work covers a wide field, as the author also investigated the relationship 
between caries and rickets and found that a group of rachitic children had an 
extremelj' high incidence of caries. As to the geographic distribution of caries, 
it is pointed out that there is a strong tendenc}"^ for caries to develop in natives 
who change their waj^ of living to that of civilization in an amazingly greater 
frequency .than when they live in their primitive state. The importance of 
vitamin D, calcium and phosphorus, together with common and prolonged breast 
feeding, as factors tending to produce a low incidence of caries was shown in this 
geographic survey, as was the tendency for diets high in anticalcifying substances, 
as, for instance, cereals, to produce a higher incidence of caries. 

This important contribution is encouraging. However, some parts of the work 
seem to be on somewhat firmer ground than others. It seems logical to accept 
the fact that a tooth would be defective if the cells were not supplied with proper 
materials when it was under construction, and that such a tooth would be more 
susceptible to caries than a normal tooth. It also seems probable that the mineral 
content of teeth is dependent on the mineral metabolism, and so the use of 
proper diets can definitely influence the incidence and spread of caries. 

The portion of the work concerned with the two hypotheses is somewhat con- 
fusing, because each hj^pothesis tends to weaken the other. A group of teeth 
cannot be divided so that the condition of those of one group may' be explained 
bj"^ one hj'pothesis and those of the other b}' a second. ^ Both primary structure 
and modification of structure after eruption must be considered as factors in every 
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tooth, which leaves one wondering which is the more important, primarj- structure 
or subsequait diet. The statistics of the use of secondarv- dentin as a useful 
suide in determining the resistance of hypoplastic teeth are not particularly 
convincing. There are so many factors in tlie production of secondary' dentin 
that its use as an index must always be difficult. The factors which lead to 
the production of the matrix are not tlie same as those which lead to good 
calcification. Indeed, in bone the reverse is found: an overgrowtli of matrix is 
characteristic of rickets. Nevertheless, tliis is an important piece of work and 
one in which a great deal of eridence is presented of the relationship between 
diet, structure of the teetli and caries. 

Die pathologisch-histologischen Untersuchungsmethoden. By Prof. Dr. G. 
Schmorl, Geh. Medizinalrat und Direktor der patholog-anatom. Abteilung am 
Stadtkrankenhause Dresden-Friedrichstadt. Sechzehnte neu bearbeitete 
Auflage. Herausgegeben von Prof. Dr. P. Geipel. Price. 30 marks. Pp. 469. 
Berlin: F. C. W. Vogel. 1934. 

Schmorl’s textbook, for many years a reliable guide for methods used in 
pathologic laboratories, was revised for this edition by the autlior before his deatli 
in 1932; Geipel made a few editorial changes subsequently. The general arrange- 
ment of the material in eighteen chapters is comparable with that in the familiar 
American textbook by ^Mallory and Wright. The metliods recommended are. 
however, described at greater length; many are modern. The eighteen chapters 
describe : the examination of unfixed preparations ; fixation and hardening of 
tissues; decalcification and defatting; tlie method of making injections into blood 
vessels ; sectioning of tissues : metliods of preparing frozen tissue : embedding : the 
ordinarj- stains for tissue: impregnation with metals; clearing and preseiwation ; 
the special stains for particular constituents of cells and tissues ; the steps required 
for the e.xamination of particular pathologic changes, indiridual tissues, such as 
nerve tissues, and organs and the blood, and the demonstration and identification of 
bacteria, the higher species of fungi and spirochetes. A final chapter describes 
how animal parasites are sought and how their characteristics are ascertained. 
This manual has become well entrenched as a r-aluable guide in pathologic histology 
by many previous editions. This edition equals the others in merit and usefulness. 
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The Chemistry of Antigens and Antibodies. J. R. IMarrack, D.S.O., 
M.C., M.D. Medical Research Council, Special Report Series, No. 194. Paper. 
Price, 2s. 6d. Pp. 135, with 26 illustrations. London: His Majesty’s Stationery 
• Office, 1934. 

This little monograph represents the best attempt this reviewer has seen to 
apply modern physicochemical principles to an analysis of the fundamental nature 
of immune reactions. The first chapter, on plwsicochemical considerations, reviews 
modern theories of valence and molecular structure and discusses some of the 
properties of proteins that are fundamental to any critical examination of immune 
reactions. In chapter 2, on the nature of antibodies, the author discusses such 
matters as the separation of antibodies, the stability of antibodies and the composi- 
tion of antigen-antibody comple.xes. Chapter 3 deals with the specificity of antigens 
and includes discussions of artificial protein antigens, polysaccharides and lipids, 
while chapters 4 and 5 are concerned with the nature of antigen-antibody reac- 
tions, Various types of immune reactions are discussed in the light of modern 
concepts of valence, molecular structure and molecular orientation as applied to 
the study of the structure and behavior of proteins. This is an extremely inter- 
esting volume and should be of especial value in directing the attention of students 
of immunologj' to the intricate physicochemical reactions which are behind the 
gross changes ordinarily observed in antigen-antibody reactions. There are exten- 
sive references to the original literature for those interested in pursuing this 
fascinating field. 

Report of the Medical Research Council for the Year 1932-1933. 
Price, 2s. fid. Pp. 161. London: His Majesty’s Stationery Office, 1934. 

Addenda to a Bibliogiu\phy of the Honourable Robert Boyle. J. F. 
Fulton, M.D., Sterling Professor of Physiology^ Yale University. Reprinted from 
the Oxford Bibliographical Society Proceedings and Papers, Volume III, part 3, 
pp. 339-365. Paper. Gratis. Pp. 27. New Haven : Yale University School of 
Medicine, 1933. 

Studies on Histomoniasis, or “Blackhead” Infection, in the Chicken 
AND Turkey. Ernest Edward Tyzzer, Department of Comparative Pathology, 
George Fabj'an Foundation, Medical School, Harvard University. Price, §1.25. 
Pp. 79, with 6 plates and 47 figures. Boston: American Academy of Arts and 
Sciences, 1934. 

Hypochloremie et accidents post-operatoires. Etude clinique patho- 

GENIQUE ET THERAPEUTIQUE (COLLECTION MEDECINE ET CHIRURGIE PRATIQUES, 

NO. 63). Mm. H. Chabanier et C. Lobo-Onell. Price, 22 francs. Pp. 146, with 
9 figures. Paris : Masson et Cie, 1934. 
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Abortion, infectious ; aRRlutlnatlon tests In dlaR- 
nosls In cattle, 710 

Abscess : See under names of orRans and 
reRlons 

Acacia, production of antibodies aRalnst carbo- 
hydrates (acacia), 505 
Acid, Acetylsallcjllc ; See Sallcyl Compounds 
effects of oxyaclds and hjdroxyaclds on 
protein sucllInR, *015 
Carbolic . See Phenol 
Acidosis . See also Tissue, reaction 
experimental, bone chanRes In, 217 
Acrocephalosyndactjlism : See Acrocephaly 
Acrocephaly, acrocephalosyndactyllsm (Apert), 
109 

Actlnobaclllosls ; Sec Actinomycosis 
Actinomyces, pleomorphic orRanlsm showing 
relationships between staphylococci and 
actlnomycetes, 200 

Actinomycosis, actlnobaclllosls of cattle in 
United States, 119 
actlnobaclllosls of man, 84S 
Adams, W. E : Vascular chauRcs In chronic 
experimental atelectasis, 443 
Adenoma, hIstoloRy of adenoma of Islets of 
LanRerhans, *291 

multiple, in undescended testis, 433 
parathyroid, associated with osteitis fibrosa, 
718 

reducing substance In chromophlllc adenoma 
and In normal anterior pituitary, 250 
Adipose Tissue : See Fat 
Adiposogenital Syndrome : See under Pituitary 
Body 

Adrenals ; See Suprarenals 
Agalactia, virus, enzymes of, 8,53 
Agglutination, antagonism between red blood 
cells and organs of rabbit In content of A 
substance, 594 

Agglutinins : See also under Antigens and 
Antibodies ; Blood, groups ; Immunity 
analysis of blood antigens with help of hetero- 
agglutinins, 594 

content of, in combined oral and subcutaneous 
typhoid Immunization, 595 
determination of titer of Iso-agglutlnlns, 430 
Isolation of group-speclUc agglutinogens of 
erythrocytes, 125 

natural hemagglutinins In snakes and other 
cold-blooded animals, 420 
role of skin In formation of, 209 
with typhoid-paratyphoid vaccine, 854 
Agglutinogens: See Agglutinins 
Agranulocytosis : See Angina, agranulocytic 
Albumin : See also under Albuminuria : Blood, 
proteins ; Protein 

serologic analysis of egg white, 270 
Albuminuria, urinary compound of albumin, 
Bence-Jones protein, pseudoglobulln and un- 
known antigen, 250 

Alcoholism, alcoholic encephalopathy, 415 
phosphorus and alcoholic cirrhosis, 408 
protracted retention of alcohol In traumatic 
coma, 438 

Alimentary Tract; Sec Digestive Tract 
Allergy: See Anaphylaxis and Allergy 
Alopecia, experimental, 409 
Altitude and colloidal Iron, Influence on experi- 
mental anemia, 575 


Aluminum hydrochloride, precipitin production 
In rabbits following Intnimuscular Injection 
of antigen adsorbed by. 712 
American Medical Association, Cleveland ses- 
sion, scientific exhibit, 104 
Type Culture collection, 827 
Amines, collold-chenilcal properties of some 
proteln-amlne compounds. *324 
Amnlotic Fluid, aspiration of. congenital tuber- 
culosis of lung due to, 204 
asplintlon of diseases of lungs In new-born 
assoelnted with, 420 
Amvloldosls, atypical, 134 
experimental study, *50 
of bone marrow, 285, *020 
of kidneys, 252 

Anaerobic Bacteria : See under Bacteria 
Anaphylaxis and Allergy ; anaphylaxis and Im- 
munity, 427 

Grtindfragcn dcr Immunblologlc und Allergle- 
lehrc. 124 

local organ hypcrsensltUcness, 593, 709 
persistence of Immunity after abolition of 
allergy by dcsensltlzatlon. 704 
reactions of tissue in experimentally sensitized 
rabbits, 208 

relation of allergy to general resistance In 
streirtococclc Infection, 711 
serum sickness In rabbits, 123 
.spcclflclty of allergy to certain Nelsserlao, 
707 

serum disease , heterophlllc antibodies In 
scrum disease, 711 

tissue cultirre studies on relation of tuber- 
culin reaction to anajrhylaxls and Arthus 
phenomenon, 708 

transferable and Inhibiting substances In 
blood of allergic patients, 590 
Anatoxin See Diphtheria toxoid 
Anemia, Cooley’s, case of, 280 
erythroblastic, fatal, 001 
experimental Influence of colloidal Iron and 
altitude on, .575 

pernicious, carcinoma of stomach treated as. 

duration over 0 years. 28G 
splenic ; chemical examination of spleen In 
Gaucher’s disease, 259 

Angina, agranulocytic : extensive necrosis of In- 
testinal tract In agranulocytosis, 584 
pectoris and coronary circulation In relation 
to coronary occlusion, 421 
pectoris, diaphragmatic, 107 
pectoris, significance of lesions of heart 
muscle In, 421 

Vincent's, and appendicitis, 284 
Angloglloma, combination tumor of brain (true 
angloglloma) . 435 

Anomalies and Deformities : See Monsters ; and 
under names of organs and regions 
Anthrax Infection, asymptomatic. In man, 857 
Infection, mechanism of, 847 
Antibodies : See Antigens and Antibodies 
Antigens and Antibodies ; action of fecal ex- 
tracts on antigens, 427 
.sctlon of formaldehyde on different antibody 
functions, 429 

adsorption and elution of antigenic substance, 
590 

.adsorption of alcoholic extracts of organs, 
592 

analysis of blood antigens with help of 
hetero-agglutinins, 594 

B antigen and B antibodies In man and 
animals, 430 

boiled llguld serum as antigen for preparation 
of precipitating antiserums, 590 
demonstration of antibodies against malignant 
tumors In blood, 598 
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Antigens and Antibodies — Continued 

effect of dissociation of antigenic behavior 
of Salmoneila and Shigella cultures, 850 
effect of reticulo-endothelial cell blockade on 
formation of antibodies in rabbits, 868 
heterophilic antibodies in serum disease, 711 
immunization with purified haptens, 589 
immunizing ability of adsorbed heterophilic 
hapten, 593 

influence of physicochemical factors on 
heterophilic antibodies, 429 
iso-antigenic properties of casein, 441 
precipitin production in rabbits following 
intramuscular Injection of antigen adsorbed 
by aluminum hydroxide, 712 
production of antibodies against carbohydrates 
(acacia), 595 

separation of lipoid haptens with inorganic 
compounds, 593 

serologic speciffcity of suprarenal medulla, 
592 

thermostability and nature of antibodies, 428 
Antiserum : See under Serum 
Antopol, W. : Hypertrophy of heart due to 
storage of glycogen, 281 
Antrum, cancer of antrum and metaplasia, 716 
Aorta, abnormalities, - congenital heart disease; 
interventricular septal defect, dextroposition 
of aorta and dilatation of pulmonary artery, 
721 


arteriosclerosis of, relation of rheumatic in- 
fection to, 113 

combined syphilitic and rheumatic disease of 
aortic valve, report of 3 cases, *729 
experimental hypertension and arterial lesions 
in rabbit, 413 

extreme alteration of aortic valve in syphilitic 
aortitis, 688 

gonococcal endocarditis with rupture of aortic 
valve and death, 690 

relation of fatty change of aortic wall to 
arteriosclerosis, 839 
rupture of, 688 

rupture, spoptaneous, with mucojd degenera- 
tion of media, 273 

transposition, with congenital anomaly of 
heart, 581 

Aortitis lesions of pulmonary artery due to 
syphilitic mesaortltis, 419 
syphilitic, alteration of aortic valve in, 688 
Apfelbach, C, \V. : Arrested development of 
primary excretory duct, 865 
Apoplexy : See Brain, hemorrhage 
Appendicitis and angina, 264 
Appendix, chromaffin cells of, 579 
in prodromal stage of measles, 122, 837 
neuromuscular apparatus in chronic appendi- 
citis, 578 

Arsenic, effect on lymphoid tissue without 
germinal centers, 245 

experimental studies on poisoning by in- 
dustrial arsenlureted hydrogen, 438 
pulmonary embolism from arsenlcals injected 
intravenously, 414 

Arsphenamlne and ultraviolet rays, combined 
action on Spirochaeta pallida, 249 
Arteries : See also Aorta ; Arteriosclerosis ; 

' Blood pressure : Blood vessels ; Embolism ; 
Periarteritis ; Thrombosis 
cerebral, anierosclerosis of, 838 
coronary ; coronary circulation and angina 
pectoris in relation to coronary occlusion, 
421 

coronary ; experimental coronary sclerosis, 
248 ' 

coronarj^ experimental lntlraa_l sclerosis of 
coronary arteries of rats, *356 
coronary occlusion, thrombosis in left 
ventricle, iliac embolism and gangrene of 
lower extremities, 718 

coronary sclerosis ns seen in coroner s office. 


437 

disease in typhoid fever, 694 
disease produced by cholesterol and vitamin 
D, 106 : correction, 451 
pulmonary ; bone marrow in lungs, 417 


Arteries — Continued 

pulmonary ; congenital heart diseases : inter- 
ventricular septal defect, dextroposition of 
aorta, and dilatation of pulmonary artery, 
721 

pulmonary ; hyperplastic sclerosis of pulmo- 
nary artery and arterioles, 414 
pulmonary, lesions of, due to syphilitic 
mesaortltis, 419 

pulmonary, microincineration studies of human 
coronary arteries, 251 

pulmonary, productive-cicatricial syphilitic dis- 
ease of, 414 

pulmonary ; reduplication of right auricle of 
heart; unusual changes in pulmonic arteries 
associated with patent foramen ovale, 837 
pulmonary, rheumatic lesions in, 418 
pulmonary ; tuberculous vegetation of tnink 
of pulmonary artery, 251 
Arteriosclerosis and malignant tumors, 125 
arterial disease produced by eholesterol and 
vitamin H, 106 
atlierosclerosis in dogs, 106 
atherosclerosis of cerebral arteries, 838 
experimental atherosclerosis in rabbit com- 
pared with human (coronary) athero- 
sclerosis, *453 

experimental intimal sclerosis of coronary 
arteries of rats, *356 

healing stages of periarteritis nodosa and 
their relation to juvenile atherosclerosis, 
114 

Incidence and severity in organs from 500 
autopsies, 688 

prevention of cholesterol atherosclerosis in 
rabbits, 105 

relation of fatty change of aortic wall to, 
839 

relation of rheumatic infection to arterio- 
sclerosis of aorta, 113 
Arthritis, chronic, blood cultures in, 259 
experimental, nonlnfectious, 245 
experimental streptococcic, in rabbits, 576 
histologic changes in knee joint with ad- 
vancing age ; relation to degenerative 
arthritis, *516 

subcutaneous nodules in rheumatic fever and 
rheumatoid arthritis, 416 
Arthus Phenomenon, hemorrhagic > 

Sliwartzman and Arthus phenomena, 124 
tissue culture studies on relation of tuber- 
culin reaction to anaphylaxis and Arthus 
phenomenon, 708 

Asthma, bronchial, changes in elastic tissue of 
lung in, 109 

Astrocytoma of cerebellum; survival for 4 j 
years without operation, 860 
Atelectasis : See Lungs, collapse 
Atherosclerosis : See Arteriosclerosis 
Atlas, malformation of basilar bone 
with osseous union of atlas and 
Axilla, histology of human apocrine swear 
glands, 582 


BCG: See under Tuberculosis 

Bacilli : See Bacteria 

B.-icllluria : See Urine, bacteria in . 

Bacteremia : See Pneumococci ; Strcptoco , 

Tuberculosis, bacteremia in; etc. . 

Bacteria : See also ,under Diphtheria, ba , 
Tubercle Bacilli; etc. , Tinrclno 

abortus ; differentiation of bovine and po 
strains of Brucella abortus, 260 „vc.pps .5 
anaerobic gram-negative bacilli f-j 

of lung; toxin production as dcmonstratca 
by Shwartzman phenomenon, lie 
antigenic qualities of, treated with 

violet rays, 430 _ c-rntbpfic 

Clostridium botulinum, growth on syntneuc 

medium, 117 . . fnr 

Clostridium sporogenes, vitamin necessary 
growtli, 702 . . pro 

Clostridium welchil, dissociation of, i_„ 
Clostrldlum welchil group, multiple^ toxins 
produced by some organisms oUSjj 
Clostridium welchil, variants of, 12U 
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Hactcria— Continued 

coll, InfluenclnK reslslance to Bacillus coll 
with other hactcrla, 837 
fundullformls, abscesses of liver caused by 
hacteroldos fundullformls; report of 2 
cases, *403 , , ^ 

fusiformis, relation of spiral orpanlsms to 
roiiKh c^ilony of Bacterium fusllormls, 702 
hemoRloblnophlllc, from Infantile meningitis. 


ImmunoIoRlcal studies with phage-coated 
hactcrla, 852 

Influence of high frequency displacement cur- 
rents on, 832 

Meningococci : See Meningococci 
mycobacteria, dissociation In, 120 
Mycobacterium phlel, micromotlon pictures of 
growth of, 701 

pneumococci : See Bncumococcl 
Halmonella : See Salmonella 
"arcina; biology of fermenting sarclnae, 2C0 
Shiga : See Dysentery 
spreading bacterial factor, 705 
Streptococci ; Sec Streptococci 
Bactericidal powers of normal scrum, 850 
Bacteriophage, activity, quantitative determina- 
tion of, 122 

dysentery-coil bacteriophages, elassltlcatlon 
of, 840 

fate of parcntcrally Introduced bacteriophage 
In body, 200 

Immunological studies, 852 
of Bacillus pertussis, 700 
particulate nature of, 007 
photodynamic action of methylene blue on, 201 
selective action of crystal violet and of bril- 
liant green on, 110 
specific soluble substance from, 853 
Bacterium : Sec Bacteria 
Bactcriurla : See Urine, bacteria In 
Bathing, death during, 273, 274 
Beaver, D, C, : Abscesses of liver caused by 
bacteroldes fundullformls ; report of 2 cases. 
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Bcnycnc, changes In blood due to xylene, 838 
lymphatic leukemia following bcn/ol poison- 
ing, 407 

Bile, relation of microlltlis In bile to changes 
In liver and gallbladder, 112 
spherical mlcrollths of, 258 

Bile Ducts, absence of gallbladder and extra- 
hepatlc ducts, congenital, 833 
hepatic and bile duct changes from obstruc- 
tion of common bile duct due to pancreatic 
carcinoma, *302 

Bladder, urinary, mixed tumor of, C03 
urinary, traumatic Intraperltoneal rupture of, 
272 


Blastoma, extensive blastomatosis of lymplio- 
hcmatopoletlc apparatus, 435 
Blood: Sec also Anemia; Krythrocytes ; Hemo- 
globin; Leukemia; Leukocytes 
calcium, potassium, and Inorganic phosphate 
content of blood In cancer, 714 
changes due to xylene, 838 
cholesterol In experimental thyroid disease, 
408 


coagulation ; constitutional thrombopathy (new 
• disease of blood), 107 
formation and copper content of chicken em- 
bryo, 240 

groups, antagonism between red blood cclh 
and organs of r.ibblt In content of A sub- 
stance, 504 

groups, determination of, by examination o) 
feces, 273 

groups ; forensic significance of blood type: 

M and N and other types, 439 
groups In questions of parentage, 437 
groups M and N, tests for, 000 
groups; purification of group substance J 
of human red blood cells, 424 
grops, subgroups A] and Ao In Investigation! 
of paternity, 272 

groups, symposium on forensic value of, 431 
groups; technic of determination of M and I 
groups In blood stains, 273 


Blood — Continued 
groups, unusual, 207 

lipoid substances of blood plasma In blood 
vessels of dllTcrent organs, 419 
pressure, high ; experimental hypertension and 
arterial lesions In rabbit, 413 
pressure, high ; question of pressor sub- 
stanco In blood In essential hypertension, 
250 

protein; distribution of Immune bodies In 
protein fractions of serum, 259 
protein ; hyperprotclncmla In myeloma, 258 
relative response to gains and losses, 411 
scrum, relation between spinal fluid and serum 
In syphilis, 439 

vessels, histologic changes In allergic condi- 
tions and their relationship to periarteritis 
nodosa, 418 

vessels, lnj\iry by crotalln, 240 
vessels, study of vascular anomalies by means 
of Injection and roentgenography, 841 

Bogin, M. : Amyloidosis ; experimental studies, 
•50 

Bolker, 11. : Amyloldo‘-ls : experimental studies, 

*.50 

Bone, central thondrosarcoma of metaphyses, 
431 

changes In experimental acidosis, 247 
changes In osseous capsule of Internal car In 
relation to hlstopathology of skeletal sys- 
tem, 585 

Uwlng’s sarcoma of, histogenesis, 714 
formation ; gallbladder epithelium as an 
osteogenic stimulus and physiological dif- 
ferentiation of connective tissue, 409 
formation; periosteal bone formation at 
epiphyseal line In case of congenital 
syphilis, 004 

lymphogranulomatosis of, 580 
malignant giant cell tumor, 598 
marrow, amyloidosis of, 283, *020 
marrow, changes In spleen and marrow In 
acute carbon monoxide poisoning, 438 
marrow; early postmortem changes of mega- 
karyocytes In marrow of rabbit, 418 
marrow In lungs, 417 
marrow In tularemia, 089 
marrow, origin of bone marrow giant cells 
In extramedullary myclopolesls, 107 
syphilis, 587 \ 


Book REvirw.s: 

Anatomy of Bhesus Monkey (Macaca Mu- 
latta) ; T. H. Bast and others, 450 
Atlas of I’athologlcal Anatomy; K. K. Martin, 
4.30 

Bacterial Infection, with .Special Befercncc 
to Dental Practice; J. L. T. Appleton Jr., 
138 

Biology of Bacteria : an Introduction to Gen- 
eral Microbiology; A. T. Hcnrlcl, 451 
Comptes rendus do la prcml6rc conf6rcnce 
Internationale do pathologlO gdographlque, 
Gcnfcvc, 1931, 13C 

Diet and Teeth : Experimental Study : HI. 
Effect of Diet on Dental Structure and 
Disease In Man; M. Mcllanby, 870 
Great Doctors: Biographical History of Med- 
icine; H. E. SIgerlst, 139 
Histology; S. Itamdn y Cajal, 44C 
Infection chez les Insectcs ; ImmunltO ct 
symblose; A. Palllot, 449 
Metabolic Diseases and Their Treatment: E 
Grafe, 720 

Normale und pathologischc physiologic der 
MHz; E. Lauda, 137 

Number 4 Canadian Hospital ; Letters of Pro- 
fessor J. .1. Mackenzie from Salonika Front 
447 ' 

Outline of Immunity; W. W. C. Toplcy 445 
PathoIogIsch-hlstoIogIschen Untcrsuchuncs- 
methoden; G. Schmorl, 871 
Physical Chemistry of Living Tissues and 
Life Processes as Studied by Artificial 
Imitation of Their Single Phases; R, 
Beutner, 449 ’ 
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Book Reviews — Continued 
Poison des amanites mortelles: R. Dujarric 
de la Riviere, 605 ® 

Science of Radiology; edited by 0. Glasser, 
288 

Speziflzltat der serologlsclien Reaktionen; K. 
Landsteiner, 604 

Text-Book of Pathology; R. Muir, 289 
Troubles de relimlnation urinaire de I'eau. 
Etude pbyslopathologiqiie et clinique; J. 
Cottet, 448 

Venarum Ostlolis 1603 of Hieronj'mus Fabri- 
cius of Aquapendente (1533f-1019) ; K. J. 
Franklin, 726 

■\VHlielm Conrad Rontgen and Early History 
of Roentgen Ray; 0. Glasser, 604 

Books Received, 140, 290, 606, 872 
Boutonneuse Fever: See Button fever 
Brain : See also Cerebellum ; Dura Mater ; 
Meninges ; etc. 

abscess, unusual bacterium in, 266 
atherosclerosis of cerebral arteries, 838 
behavior of brain extracts in serologic re- 
actions, 591 

calcification of dural and cerebral tissue in a 
hydrocephalic idiot child, 865 
cyst; impaction of neuro-eplthelial cyst in 
third ventricle of brain, 835 
cyst of roof of third cerebral ventricle, 692 
diseases ; alcoholic encephalopathy, 415 
glioma of cerebral hemispheres, 596 
glioma ; serologic differentiation between gll- 
omatous and normal cerebral parenchyma, 
862 

hemorrhage, spontaneous, 421 
Influence of cerebral development on facial 
skeleton, 838 

megalencephaly with diffuse glioblastoraatosls 
of brain stem and cerebellum, 835 
meningioma of left cerebral hemisphere, 602 
relation of alterations in brain to hepatic 
disease, 588 

tumor; combination tumor of brain (true 
angloglloma), 435 

tumors of fourth cerebral ventricle, 598 
■ wound ; histologic observations in case of old 
gunshot wound of brain, *10 
Branchial apparatus; branchiogenic carcinoma 
In horse, 597 

Breasts, cancer, histological factors in prog- 
nosis of, 713 

carcinoma, histologic grading of. 713 
carcinosarcoma of, 719 

flbro-adenoma containing carcinoma and 
cartilage, 720 
mixed tumor in dogs, 716 
Bright's Disease : See Nephritis 
Bronchi, cancer; frequency of bronchial and 
pulmonary cancers In 1925-1931, 120 
Brown. C. E. : Acute amebic dysentery, 868 
Brucella : See under Bacteria 
Brunner’s Glands : See under Duodenum 
Burch, J. C. : Endometrial hyperplasia, *799 
“Button fever,” designation "fievre bouton- 
neuse,” 203 

dog and “button fever” virus, 263 
Boutonneuse and Rocky Mountain spotted 
fever, 702 

Cadaver, demonstration of carbon monoxide in 
exhumed cadaver, 272 

Calcification, metastatic. In myelogenous leu- 
kemia, 252 

Calcium metabolism; action of vitamin D and of 
paratliyroid hormone on calcium metabolism 
as interpreted by studying effect of single 
doses on calcification of dentin, *22 
Calculi : See Gallbladder, calculi ; etc. 

Cancer : See also Sarcoma : Tumors, etc. ; and 
under names of organs and regions 
and arteriosclerosis, 125 

atypical epithelium and malignant new 

growths, 128 

calcium, potassium, and ^inorganic phos- 
phate content of blood in. 714 
cancerlgenic principle of oils and fats, 128 


Cancer— Continued 

cell changes In anterior hypophysis after 
cancer implantation in rats, 859 
cells of serous effusions, 859 
collision, and sarcoma, 597 
complement fixation te.st In, 861 
cyh)diagnosis of malignancy in puncture 
fluids and secretions, 126 
diagnosis by photometric determinations in 
venous blood, 127 

mortality, seasonable fluctuations in, 715 
nasopharyngeal, 860 

relations between benign and malignant new 
growths, 128 

reliability of statistics on, 599 
significance of spleen in growth and metab- 
olism of malignant tumors, 434 
tar, experimental epithelial growths in lung 
after Insufflation of tar, 271 
tar, in mice on diets supplemented with fresh 
liver, 714 

what should be meant by terra “precancer," 
599 

Cannon, P. R. : Occurrence and significance of 
germinal centers (Flemming) in human 
spleen, 863 

Carbon Monoxide, demonstration in exhumed 
cadaver, 272 

poisoning, acute, changes in spleen and mar- 
row in, 438 

Carcinosarcoma : See Tumors, ml.xed 
Carotid sinus, effect on reflexes of raising intra- 
cranial pressure, 409 
Carriers, flltrable virus carriers, 700 
Casein, Immunology of, 257 
Iso-antigenlc properties of, 441 
Cataract in rabbits exposed to herpes, 262 
Cavernoma, multiple, of pleura, 436 
Cerebellum, astrocytoma of, survival for 45 
years without operation, 860 
localization and development of melanic cells 
of human cerebellum, 255 
megalencephaly with diffuse glioblastoma- 
tosis of brain stem and cerebellum, 835 
structural changes in granular layer of, *206 
Cerebrospinal Fluid, behavior of brain ex- 
tracts in serologic reactions, 591 
meningococcus precipitinogens in, 707 
postmortem changes in, 268 
relation between spinal fluid and blood serum 
in syphilis, 439 

tests, comparison of extracts of Sachs- 
Witebsky with own extracts for cltochol re- 
action, 276 

Chancre, sporotrichotic, 695 
Chlckenpox. agglutination in, 267 
relationship between zoster and varicella as 
shown by complement fixation, 702 
Cholecystitis : See under Gallbladder 
Cholelithiasis : See Gallbladder, calculi 
Cholesterol, arterial disease produced by cho- 
lesterol and vitamin D, 100 ; correction, 451 
prevention of cholesterol atherosclerosis In 
rabbits, 105 

Chondroma, so-called, of lung, 431 
Chondrosarcoma, central, of metaphyses, 431 
Chordoma, sacral, regression of sacral inter- 
vertebral disks and its possible relation to. 
692 


spheno-occlpltal, 860 

Chorea, rlieumatic. vascular changes of cen- 
tral nervous system In, 584 
3horIon, age of pregnancy: histologic diag- 
nosis from percentage of erythroblasts In 
chorionic capillaries, *648 
3horold, sarcoma of, 002 

Jhorold Plexus, tumors of; ependymomas and 
neuro-epitheliomas, 436 

ChrUtlan-Schuller Syndrome: See ScliUllcr- 
Chrlstian Syndrome 
Ihromaffln cells of appendix. 579 
licatrlx, recurrent endometriosis of laparotomy 
scar, 115 , , n 

3istcrna raagna puncture, injury of medulla in, 
437 

Cltochol: See Syphilis, serodlagnosis 
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Clcmmer, J. J. : Coronary occlusion; throm- 
bosis in left ventricle, iliac emboiism and 
gangrene of lower extremities, 718 
Clostridium: See under Bacteria 
Cockroach as possible carrier of tuberculosis. 

Colloid-chemical properties of some protein- 
amine compounds , *324 
Colon, flbromyoma of ascending colon, 717 
Complement, behavior of complement and of its 
components during adsorption and elution, 
595 

Fixation Tests : See Leprosy ; Syphilis ; Tuber- 
ciilosis * 0 tc 

fractions ’of ; fourth and fifth fractions, 429 
inactivation of complement with poison of 
snake Bothrops, 425 

some qualities of thermostable components of 
complement, 427 

thermostability and nature of complement, 
428 

Copper, blood formation and copper content of 
chicken embryo, 246 

Cornea, tuberculosis, cellular reaction in, 253 
tuberculosis, origin of epithelioid cell in, 253 
Coroner’s statistics from Cook County (Chicago), 
Illinois, *775 

Corpus callosum, degeneration in hydrocephalus, 
109 

Coryza : See Bespiratory Tract, disease 
Courvllle, C. B. : Histologic observations in case 
of old gunshot wound of brain, *10 
Cowpox, complement fixation in, 851 
Cranium, congenital localized osteomyelitis of 
skull, 840 

effect on reflexes of carotid sinus of raising 
intracranial pressure, 409 
influence of cerebral development on facial 
skeleton, 838 

malformation of basilar bone associated with 
osseous union of atlas and skull, 839 
Paget’s disease of skull, porotlc form of, 692 
Crotalln, Injury to blood vessels by, 240 
Culture ^tedium ; See Medium 
Curtis, S. H. : Sarcoma of choroid, 602 
Cystadenoma, diffuse, of pancreas, 431 
Cysts, epidermal, following injection of irradi- 
ated ergosterol, 115 

in large myoma undergoing sarcomatous 
change, 866 

of posterior roots of spinal nerves, 582 
of roof of third cerebral ventricle, 692 

Dementia Paralytica : Sec Paralysis, general 
Dentin, action of vitamin D and of parathyroid 
hormone on calcium metabolism as inter- 
preted by studying effect of single doses on 
calcification of dentin, *22 
Dermatosis, exfoliative, and malignant erythro- 
dermia, 413 

Diabetes Mellltus, inactivation of insulin by 
normal and diabetic blood, 574 
pancreatic islets of new-born Infant of dia- 
betic mother, 691 

Diet, relation between acid or alk.aline diet and 
immunity, 269 

some abnormalities in rats subsisting on diets 
poor in mineral nutrients, *40 
Digestive Tract, carcinoma of alimentary tract at 
early ages, 599 

Diphtheria antitoxin, flocculation time during 
immunization of horses for, 425 
antitoxin, influence of venesection on titer of, 
590 

antitoxin, stimulating effect of tapioca on pro- 
duction of, 427 

bacilli ; stability of mltis, intermediate and 
gravis types of B. diphtheriae, 846 
cardiac changes in, 584 

Corynebacterium diphtheriae, serological group- 
ing of starch fermenting strains of C. diph- 
theriae, 855 

like organisms from nasopharynx, 122 
toxin, influence of formaldehyde on 428 
toxin, origin of, 426 

toxin, production, properties and action of 
concentrated toxoid, 425 


Diphtheria — Continued 

toxoid, mechanism of formation of anatoxin, 
590 

toxoid, precipitated, 710 
toxoid, purification of, 713 
Dixon, H. M. : Chemotroplsm of leukocytes In 
vitro; attraction by dried leukocytes, par- 
affin, glass and Staphylococcus albus, *607 
Ductus arteriosus, rupture of, 438 
Duorlenum, functions of Brunner’s glands and 
pyloric end of stomach, 575 
Dura Mater, calcification of dural and cerebral 
tissue in a hydrocephalic idiot child, 865 
Dwarfism due to congenital syphilis of hypo- 
physis, 116 

renal dwarfism and renal rickets, 586 
Dyes : See Stains and Staining 
Dysentery, acute amebic dysentery, 808 

classification of dysenfery-coli bacteriophages, 
846 

effect of dissociation on antigenic behavior of 
Salmonella and Shigella cultures, 850 

Ear, absence ; 7 prehistoric American skulls with 
complete absence of external auditory 
meatus, 254 

internal ; changes in osseous capsule of In- 
tcrn.al ear in relation to hlstopathology of 
skeletal system, 585 

Eclampsia, renal lesions in eclampsia and ne- 
phritis of pregnancy, 690 
Edema, experimental edema ; further experiments 
on type of edema produced by diet low in 
protein, *152 

Embolism, bullet embolus of pulmonary artery, 
274 

coronary, 250 

coronary occlusion, thrombosis in left ventri- 
cle, iliac embolism and gangrene of lower 
extremities, 718 

heart in deaths due to embolism and throm- 
bosis, 583 

pulmonary, from arsenicals Injected intra- 
venously, 414 

Embryology, blood formation and copper con- 
tent of chicken embryo, 246 
Encephalitis, cataphoretlc velocity of strepto- 
cocci in encephalitis and other diseases of 
nervous system, 118 

demonstration of micro-organisms in epidemic 
encephalitis (St. Louis epidemic), 278 
Endocarditis, acute pncumococclc endocarditis in 
early infancy, 721 
gonococcal, 695 
gonococcal, prognosis in, 695 
gonococcal, with rupture of aortic valve and 
death, 690 

lenta, histology of valvular lesions of, 583 
rheumatic manifestations in subacute bacterial 
endocarditis in children, 842 
Endocrine Glands and estrus cycle, relation be- 
tween, 109 

Endometriosis, recurrent, of laparotomy scar, 115 
Endometrium, hyperplasia, *799 
Endomyocarditis : See Myocarditis 
Endothelioma, lymphomatosis and endothelioma 
of chickens caused by filterable agent, 696 
Endothelium, phagocytic activity of capillary 
endothelium, 266 

Ependymomas and neuro-epitheliomas of choroid 
plexus, 436 

Epinephrine : See Suprarenal Preparations 
Eplploltis : See under Omentum 
Epithelioma, calcified, of skin, 128, 596 
Epithelium, atypical epithelium and malignant 
new growths, 128 

origin and pathologic significance of epithelium 
found .about roots of teeth, 130 
Ergosterol, epidermal cysts following injection of 
irradiated ergosterol, 115 
toxic effects of irradiated sterols, 108 
Erysipelas, comparative studies of purified toxins 
of streptococci of scarlet fever and of ery- 
sipelas, 590 

Erythroblasts, age of pregnancy; histologic diag- 
nosis from percentage of erythroblasts in 
chorionic capillaries, *648 
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Erythrocytes, isolation of group-specific agglu- 
tinogens of erythrocytes, 125 
structure and function of fiianients produced 
by living red corpuscles, 838 
Erythroderraia, exfoliative dermatosis and ma- 
• lignant erythrodermla, 413 
Brythroleucoblastosis : See Hematopoietic System 
Esophagus, anatomic study of esophageal hiatus 
of diaphragm, 693 

hypertrophy of esophagus and stomach in 
Kecklinghausen’s neurofibromatosis, 115 
Estruatlon, relation between endocrine glands 
and estrus cycle, 109 

Ether, isolation of ether from human tissues, 
*510 

Eucalyptus, effects of inhalation of eucalyptol 
on tuberculous guinea-pigs Infected Intra- 
tracheally, 424 

Extremities, artificial ; histopathology of mar- 
ginal nodules caused fay prosthesis of lower 
limb, 112 

Face, tmusual anomaly of face in anencephalic 
monster, 587 

Farquhar, L. R. : Some abnormalities in rats 
subsisting on diets poor in mineral nu- 
trients, *40 

Fats, cancerigenlc principle of oils and fats, 128 
morphologic change in fat tissue produced by 
insulin in malnutrition, 416 
subcutaneous fat necrosis of new-born, 235 
Feces, action of fecal extracts on antigens, 42T 
determination of blood groups by examination 
of, 273 

Feldman, W. H. : Subcutaneous tuberculoid 
lesion of cattle; morphologic study, *533 
Fetus, fetal endomyocardltis ; intrauterine in- 
fection as cause of congenital cardiac 
anomalies, 833 

pathology, congenital atresia of larynx with 
hypertrophy of lungs and generalized 
hydrops, 587 

Fever, Boutonneuse ; See Button fever 
Fibrin, specificity of fibrin, 420 
Fibrinogens, specificity of, 257 • 

Flbro-adenoma of breast containing carcinoma 
and Cartilage, 720 
Fibroblasts : See Tissue 

Fibroma, unusual lipoid change in ovarian 
fibroma, 602 

Fibromyoma ; fibromyxomatous hyperplasia of 
mitral valve, 583 
of ascending colon, 717 
Fi5vre boutonneuse : See Button fever 
Fischer, M. H, ; Colloid-chemical properties of 
some protein-amine compounds, *324 
Effects of oxyacids and hydroxyaclds on pro- 
tein swelling, *615 

Fishback, H. R. : Analysis of coroner’s statistics 
from Cook County (Chicago) , Illinois, with 
pathologic review of causes of death, *775 
Flies, Inheritance of focal melanosis in dro- 
sophilla, *638 

Fluids, group-specific qualities in saliva and 
other body fluids and demonstration of 2 
types of eliminators of group-specific quali- 
ties, 424 

Fluoride, histology of certain organs and teeth 
in chronic toxicosis due to fluorine, *169 
poisoning, 272 

Fluorine; See under Fluoride 
Food, Influence of food on healing process of 
wounds in stomach, 107 
poisoning due to Salmonella, 701 
Foramen ovale, patent, associated with redupli- 
cation of right auricle of heart and unusual 
changes in pulmonic arteries, 837 
Formaldehyde, action of formaldehyde on dif- 
ferent antibody functions, 429 
Fowl plague, size of virus of fowl plague esti- 
mated by ultra-filtration, 703 
virus disease of canary of fowl-pox group, 
845 

Fried B. M. : Bungs and macrophage system, 
*76 


Gallbladder, absence of gallbladder and extra, 
hepatic ducts, congenital, 833 
calculi ; mechanism of formation of pure 
cholesterol gallstones, *1 
epithelium as an osteogenic stimulus and 
physiological differentiation of connective 
tissue, 499 

relation of hepatitis to cholecystitis, 689 
relation of microliths in bile to changes in 
liver and gallbladder, 112 
Ganglioneuromas, myelin sheatlis In, 862 
metastasizing, of sympathetic system, 434 
Gangrene, arterial disease in typhoid fever, 694 
coronary occlusion, thrombosis in left ventri- 
cle, iliac embolism and gangrene of lower 
extremities, 718 

Gastric Ulcer; See Peptic Ulcer 
Gastro-Intestlnal Tract, extensive necrosis of in- 
testinal tract in agranulocytosis, 584 
metastasizing neurinomas of, 2 cases, 431 
Gaucher’s Disease : See Anemia, splenic 
Genitalia, cancer of female genitalia in chil- 
dren, 128 

Genito-Urinary Tract, arrested development of 
primary excretory duct, 865 
Gerber, J. E. : Amyloidosis of bone marrow, 285, 
•620 

Germinal centers of Fleming, 420 
Gettler, A. O. ; Isolation of ether from liuman 
tissues, *510 
Glia : See Neuroglia 

Glioblastoma, megalencephaly with diffuse gllo- 
blastomatosis of brain stem and cere- 
betium, 835 

Glioma, meningeal, diffuse gllomatosis and 
hereditary neurofibroma, 271 
morphology of, 596 
of cerebral hemispheres, 596 
serologic differentiation between gllomatous 
and normal cerebral parenchyma, 862 
Glycogen, congenital glycogenic hypertrophy of 
heart, 281, 577 
Glycogenosis, 577 

Gold, quantitative spectrographlc determination 
of gold in tissues, 258 

Gonads, concentration of gonadotropic hormone 
in pregnant mare’s serum, 410 
Gonococci, endocarditis due to, 605 
endocarditis due to, prognosis in, 693 
endocarditis due to, with rupture of aortic 
valve, 690 

meningitis due to, 701 
meningitis due to, in new-born infant, 695 
Gout, early changes and evidences of late re- 
sorption in lesions of gout, 580 
Gowen, J. W, : Inheritance of focal melanosis 
in drosophilla, *638 

Granulomas, mucous granulomas in salivary 
glands and In mucosa of stomach, 418 
Gray, G, R. : Mechanism of formation of pure 
cholesterol gallstones, *1 
Grayzei, H. G.: Amyloidosis; experimental 
studies, *50 

Growth, principle accelerating growth and ma- 
turation demonstrated in metastases of tumor 
of thyroid, *631 

significance of sulphydryl as growth factor, 
*218 

Gruenfeld, G. ; Nature of so-c.alled xanthoma ; 

critical review, *546 
Guarnieri bodies, source of, 423 
Guttman, P. H, : Jlultlple necroses of spleen 
(flecked spleen of Feltls) with reference to 
associated renal lesions, *187 


Ham, A. W. ; Action of vitamin D and of para- 
thyroid hormone on calcium metabolism as 
interpreted by studying effect of single doses 
on calcification of dentin, *22 
Experimental Intimnl sclerosis of coronary 


arteries of rats, *330 

Hankele, E. R.; Proliferative reaction on giiinea- 
plg skin to sulphydryl and its relation to 
neoplasia, *764 , ,, , 

Hanzal, B. F. : Urea clearance after unilateral 
nephrectomy In dogs, *46 
Haptens : See Antigens and Antibodies 
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Hartman, F. H. : Acute amebic dj sentery, 808 
Hatton, E. U. ; OrlRln and pathologic algnlH- 
cance of epithelium found about roots of 
teeth, 130 

Hay fever reagln-allergen, 833 
Head, megalencephaly with diffuse glloblasto- 
rnatosis of brain stem and cerebellum, 833 
Heart: See also Endocarditis; Mitral Valve; 
Myocarditis; Pericarditis 
anomalies, malformations of heart of new- 
born ; congenital lesions suggestive of an 
inflammatory origin, *311 
anomalies ; reduplication of right auricle of 
heart; unusual changes In pulmonic arteries 
associated with patent foramen ovale, 837 
anomaly, congenital, of heart with transposi- 
tion of aorta, 381 
atresia of tricuspid orifice, 833 
block, complete heart-block In h>pcrthyrold- 
Ism following acute Infections, 407 
block, congenital, 41G 
calcification of cardiac skeleton, 091 
changes In diphtheria, 384 
changes In hyperthjroldlsm. 841 
changes in myocardium of rablilts from aug- 
menting heart rate mechanically and from 
Induced hyperthyroidism, *333 
congenital heart disease; Interventricular sep- 
tal defect, dextroposition of aorta, and dila- 
tation of pulmonary artery, 721 
coronary circulation and angina pectoris In 
relation to coronary occlusion, 421 
effects of x-rays on lungs and heart, 238 
epithelial cyst of heart, 434 
experimental production of rheumatic lesions 
In heart and In joints, 244 
glycogenic hypertrophy of heart, congenital. 
281, 377 

In deaths due to embolism and thrombosis, 583 
localisation of rheumatic lesions In, 839 
disease, rheumatic, without valvulitis, 089 
rupture, multiple, by indirect trauma, 230 
rupture, spontaneous, 252 
significance of lesions of heart muscle In 
angina pectoris, 421 
weights, 834 

Hcllhrunn, J, : Hypertrophy of heart due to 
storage of glycogen, 281 
Hemagglutinins ; See Agglutination 
Hemanglo-endothelloma of liver. 838 
Hemangioma, cavernous hemangioma of supra- 
renals, 802 

compression of cord by vertebral hemangioma, 
.380 

Hematopoietic System; erythroleucoblastosls In 
newborn, 408 

hematopoiesis In axolotl after removal of ex- 
ternal zone of liver, 100 
morphologic changes In hematopoietic organs 
following acute loss of blood, 418 
Hemochromatosis, failure of administration of 
Iron to cause hemochromatosis. 412 
Hemoglobin, formation of green pigment from 
haemoglobin by pneumococcus, 84.3 
Hemoly.sln ; streptolysins, 700 
Henthornc, .1, C. : Abscesses of liver caused by 
bacteroldes fundullformls ; report of 2 cases. 
*493 

Hepatitis : See Elver 

Hernia, acquired diaphragmatic hernia of 
stomach, 093 

Herpes, cataract In rabbits exposed to, 202 
zoster, relationship between zoster and varl- 
cclla as shown by complement fixation, 702 
High frequency currents; Influence of high fre- 
quency displacement currents on bacteria, 

O tZ 


Hobmaler, M, : Slctamorphosls of JfetastrongvU 
‘|trvae and mesenteric lymph glands, *709 
Hodgkin’s Disease; See Eymphogranuloma 
iiormone, concentration of gonadotropic hormoi 
In pregnant mare’.s serum, 410 
Hueper, W. C. : Significance of sulphydryl i 
growth factor, *218 ‘ ■' ’’ 

/ctlciilo-endothellosls te 
402 ^^ reticulo-endothellal sarcoma 0 


Humphreys, E. M. : Atyjilcal amyloidosis, 134 
Hydrocephalus, calcification of dural and cere- 
bral tissue in a hydrocephalic idiot child, 
805 

degeneration of corpus callosum In, 109 
Hydrophobia : See Itables 

Hydrops, congenital atrcila of larynx with 
hypertrophy of lungs and generalized hy- 
drops, 587 

Hydroxyaclds and oxyaclds, effects of, on pro- 
tein .swelling, *013 

Hypersensitiveness: .See Anaphylaxis and 

Allergy 

Hypertension: See Blood pressure, high 
Hyperthyroidism: See Thyroid 
Hypcrvltamlnosls : See Vitamins 

Icterus; See .laundlce 

Idiocy, calcification of dural and cerebral tissue 
In hydrocephalic Idiot child, 803 
Illuminating Gas : See Carbon Monoxide 
Immunity and anaiihylaxls, 427 

distribution of Immune bodies In protein frac- 
tions of serum, 2,39 

Grundfragen der Immunblologie und Allcrgbj- 
Ichre, 124 

Influence of testicle extract on effect of toxins, 
bacteria and viruses and on Shwartzrnan 
and Arthus phenomena. 708 
persistence of Immunity after abolition of al- 
lergy by desensltlzatlon, 704 
relation between acid or alkaline diet and 
Immunity, 209 

Shwartz.man idicnomenon, 209, 712, 832 
.Shwartzman phenomenon, anaerobic gram- 
negative bacilli from abscess of lung : toxin 
production ns demonstrated by Shwartz.man 
phenomenon, 118 

Shwartzman phenomenon, hemorrhagic al- 
lergy; II Shwartzman and Arthus phe- 
nomena, 124 

Indol, experimental production of leukemia and 
lymphosarcoma In mice by chronic poison- 
ing with Indol, 247 

Industrial Diseases, experimental studies on poi- 
soning by Industrial arsenlureted hydrogen. 
438 

Infant, new-born, malformations of heart of 
new -born ; congenita! lesions suggestive of 
an Inflammatory origin. *311 
new-born, subcutaneous fat necrosis of new- 
born, 233 

pancreatic Islets of new-born Infant of dia- 
betic mother, 091 

Infections, complete heart-block In hyperthy- 
roidism following acute Infections, 407 
Infectious diseases ; Grundfragen der Immunbl- 
ologlc und Allerglelehre, 124 
Influenza, action of type-si)cclflc serum against 
Hmmophllus Influenzae, 708 
Insulin, Inactivation of Insulin by normal and 
diabetic blood. 574 

morphologic change In fat tissue produced by 
Insulin in malnutrition, 410 
Internal .Secretions : See Endocrine Glands 
Intestines, cancer, primary, of Meckel’s diver- 
ticula, 710 

cysts and diverticula of Intestinal origin, 230 
diverticula ; primary carcinoma of .Meckel’s 
diverticulum, 710 
hemorrhage, unusual, fatal. 110 
persistent enteric mucosa at umbilicus, 720 
rhinoscleroma, 840 

tuberculosis in gulnea-pig, relation of vitamin 
C deficiency to, 099 

Iron, failure of administration of Iron to cause 
haemochromatosis, 412 

Irwin, R. E. : Histologic changes In knee joint 
with advancing age; relation to degenera- 
tive arthritis, *510 
Islands of Langerhans ; .See Pancreas 

JacobE 31. : Amyloidosis; experimental studies, 

.Tacobsen. V. C. : Fatal erythroblastic anemia. 
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Jacobsen, V. C. — Continued 
Melanin: its mobilization and excretion in 
normal and in pathologic conditions, *141 
Melanin ; review of chemical aspects of mela- 
nin problems, *391 
Primary carcinoma of lung, 717 
Jaundice, experimental studies on pathogenesis 
of jaundice caused by phenylhydrazine, 244 
liver in fatal case of epidemic "catarrhal” 
jaundice, 120 

problem of jaundice caused by tolylenedlamine, 
576 

Johnston, A. H. : Colloid-chemical properties of 
some protein-amine compounds, *324 
Joints, experimental production of rheumatic 
lesions in heart and in joints, 244 
Jones, N, W. ; Changes in myocardium of rabbits 
from augmenting heart rate mechanically 
and from induced hyperthyroidism, *333 
Jones, 0. N. : Changes in myocardium of rabbits 
from augmenting heart rate mechanically 
and from induced hyperthyroidism, *333 

Karsner, H. T. : Urea clearance after unilateral 
nephiectomy in dogs, *46 
Keefer, C. S., Histologic changes in knee joint 
with advancing age; relation to degenera- 
tive arthritis, *516 

Kellert, E. : Meningioma of left cerebral hemis- 
phere, 602 

Osteitis fibrosa associated with parathyroid 
adenoma, 718 

Unusual lipoid change in ovarian fibroma, 
602 

Kenny, P. E. : Acute pneumococcic endocarditis 
in early Infancy, 721 
Kidney, amyloid disease of, 252 
contracted kidney due to pyelonephritis, 835 
contracted kidney due to sclerosis of medulla, 

■ 589 

diseases ; classification of nephrosis, 582 
efficiency of kidney in compensatory hyper- 
trophy, 246 

Influence of salt solutions on renal tissue, 576 
Interpretation of renal clianges in lipoid 
nephrosis, 690 

lesions associated with multiple myeloma, 688 
lesions in eclampsia and nephritis of preg- 
nancy, 690 

lesions in hypervitamlnosis, 412 
lipoid nephrosis, 109 

lymphoid tissue in substance of kidney, 836 
methods and effects of increasing urinary 
constituents in body, 41l 
multiple necrosis of spleen (flecked spleen of 
Feitis) with reference to associated renal 
lesions, *187 

necrosis ; symmetrical cortical necrosis of kid- 
ney, 841 

permeability of kidney to bacteria, 842 
specific lesions of kidney and liver induced 
by cytotoxic serums, 267 
urea clearance after unilateral nephrectomy 
in dogs, *46 

Kimball, T. S. ; Histologic observations in case 
of old gunshot w’ound of brain. *10 
Klinck, G, H. Jr. : Melanin ; its mobilization and 
excretion in normal and in pathologic con- 
ditions, *141 

Mixed tumor of urinary bladder. 603 
Primary carcinoma of lung, 717 
Knee, histologic changes in Imee joint with ad- 
vancing age : relation to degenerative arthri- 
tis. *516 

Kohler’s Disease: See ::iletataTsvs 
Kolmer, J. A. ; Immunization of monkeys against 
acute anterior poliomyelitis with reference 
to oral immunization, 869 
Kronfeld, R. : Rare dental anomaly ("dens in 
dente”), 277 

Lamb, A. R. : Histology of certain organs and 
teeth in chronic toxicosis due to fluorine, 
•ICO 

larynx, atresia, congenital. 692 

atresia, congenital, with hypertrophy of lungs 
and generalized hydrops, 587 


Lead poisoning, changes in nervous system in 
lead poisoning, 584 

Leary, T. : Experimental atherosclerosis in rab- 
bit compared with human (coronary) athero- 
sclerosis, *453 

Lebowich, R. J. : Flbromyoma of ascending 
colon, 717 

Lecithin, synthetic, and its antiserums, 428 
Lcderer, M. ; Lipoid pneumonia, *160 
Leprosy, comparative complement-fixation tests 
in leprosy, tuberculosis and syphilis, 430 
Leukemia, monocytic, 863 
experimental production of leukemia and 
lymphosarcoma in mice by chronic poison- 
ing with indol, 247 
familial occurrence of, 249 
lymphatic, following benzol poisoning, 407 
myelogenous, metastatic calcification in, 232 
relation between fowl leukosis and sarcoma, 
862 

systemic reticulo-endothelial hyperplasia with 
tumor-like formations in case of chronic 
lymphatic leukemia, 436 
Leukocytes, chemotropism of leukocytes in vitro ; 
attraction by dried leukocytes, paraffin, 
glass and Staphylococcus albus, *607 
Levine, V.; Monocytic leukemia, 863 
Lewis, J. H. : Iso-antlgenic properties of casein, 
441 

Lewis, M. D. ; E.vperimental Intimal sclerosis of 
coronary arteries of rats, *356 
Lleber, M. M. : Hepatic and bile duct changes 
from obstruction of common bile duct due 
to pancreatic carcinoma, *302 
Lipoid, cortical lipoid of mouse suprarenal after 
unilateral suprarenalectomy, 412 
menstrual cycle and lipoid content of uterine 
mucous membrane, 839 
of tumors of skin, 596 
pneumonia, *160 

substances in cells of mesenchymal origin, 601 
unusual lipoid change in ovarian fibroma, 002 
Liver, abscesses caused by bacteroides fundull- 
formis, report of 2 cases, *403 
alcoholic cirrhosis and phosphorus, 408 
atrophy ; histology and etiology of subacute 
yellow atrophy of liver in cliildren, 419 
cysts, ciliated epithelial cyst of liver, 715 
hemangio-endothelloma of, 838 
hematopoiesis in axolotl after removal of 
external zone of liver, 106 
hepatic and bile duct changes from obstruc- 
tion of common bile duct due to pancreatic 
carcinoma, *362 

in fatal case of epidemic "catarrhal” jaun- 
dice, 120 

infectious cirrhosis, report of case, 277 
nuclear inclusions in liver in Rift Valley 
fever, 702 

phosphatase in tumors, 271 
relation of alterations in brain to hepatic 
di.sease, 588 

relation of hepatitis to cholecystitis, 689 
relation of microllths in bile to changes in 
liver .and gallbladder. 112 
specific lesions of kidney and liver Induced 
by cytotoxic serums, 267 
Lung abscess, anaerobic gram-negative bacilli 
from abscess of lung : toxin production ns 
demonstrated by Shwartzman phenomenon, 
118 

and macrophage system, *76 
cancer, 120 

cancer, frequency of, 125 
cancer; frequency of bronchial and pulmo- 
nary cancers in 1925-1931, 126 
cancer; Increase of pulmonary cancer and 
Its pathogenesis, 127 
cancer, increased incidence of, 126 
cancer, primary, 717 

cancer; so-called .alveolar cell carcinoma ot 
lung, 441 , , , , , 

changes in elastic ti.ssue of lung in bronchial 
asthma, 109 

chondroma of lung, so-c.alled, 431 
collapse ; vascular changes in chronic experi- 
mental atelectasis, 443 
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LunE— Continued 

congenital atresia of larynx wltli hypertrophy 
of lungs and generalized hydrops, 587 
cystic disease of lung, congenital, 254 
diseases of lungs in new-born associated with 
aspiration of amniotic fluid, 420 
effect of x-rays on lungs and heart, 258 
experimental epithelial growths in lung after 
insufflation of far, 271 
fibrous induration of hiiar lymph node.s of 
lung, 581 

Hodgkin’s disease in lung, 282 
massive anemic necrosis of lung in pneumonia, 
841 

Tuberculosis : Sec Tuberculosis, pulmonary 
varlx of pulmonary vein, 135 
Lux, L. : Subcutaneous nodules Induced by In- 
jection of Streptococcus viridans; speci- 
ficity of lesion and origin of polyblasts, 
*G52 

Lymph Nodes, effect of arsenic on lymphoid 
tissue without germinal centers, 245 
extensive blastomatosis of lymphohemato- 
poietic apparatus, 435 

fibrous induration of hilar lymph nodes of 
lung, 581 

metamorphosis of Metastrongylus larvae and 
mesenteric lymph glands, *709 
Lymphogranuloma, biologic test for Hodgkin’s 
disease, 574 
inguinale, C9G 

inguinale, cultivation of virus of inguinal 
lymphogranuloma, 2G4 
Hodgkin’s disease in lung, 282 
Hodgkin’s disease ; search for infective agent 
and attempts at experimental reproductions, 
•749 

lymphogranulomatosis of bone, 38G 
lymphogranulomatosis of stomach and xantho- 
matosis of mesentery, 842 
lymphogranulomatosis of uterus, G93 
lymphogranulomatosis of vertebral column, 
840 

Lymphoid tissue In substance of kidney, 836 
Lymphoma, experimental studies on lympho- 
matosis of mice, 858 

lymphomatosis, myelomatosis and endothelioma 
of chickens caused by filterable agent, 690 
Lymphosarcoma, experimental production of 
leukemia and lymphosarcoma In mice by 
chronic poisoning with indol, 247 


McCutcheon, M . : Chemotroplsm of leukocytes 
in vitro; attraction by dried leukocytes, 
paraffin, glass and Staphylococcus albus, 
•607 

Macroglossia : See Tongue 

Macrophage, lungs and macrophage system. *76 

Macy, J. W. : Abscesses of liver caused by 
bacteroides funduliformis ; report of 2 cases. 
•493 

Mad Itch : See Pseudorabies 


Malaria, cause of positive Wassermann reaction 
in, 431 

Malta Fever : See Undulant Fever 
Matthews, W. B. : Unusual peptic ulcers ol 
greater curvature of stomach, 444 
Measles, involvement of appendix in prodromal 
stage of. 122, 837 

Meckel’s Diverticulum : See Intestine, diverticula 
Medium : See also under names of Bacteria 
i e.. Tubercle Bacilli ; etc. 
importance of adequate reduction of peptone 
in preparation of media for pneumococcus 
and other organisms, 274 
Medulla oblongata, injury of medulla in punc- 
ture of clsterna magna, 437 
Megakaryocytes : See Bone marrow 
Megalencephaly : See Head 
Melanin, inheritance ol focal melanosis ir 
drosophila, •638 

localization and development of melanic cells 
of human cerebellum, 255 
melanogenesis with reference to .sulphydrils 
and protamines, 256 

mobilization and excretion in normal and ir 
pathologic conditions, •141 


Melanin — Continued 

review of chemical aspects of melanin prob- 
lem, *391 

Melnick, P. J. : Retothel sarcoma, 134 
Meninges, hereditary neurofibroma and diffuse 
meningeal gliomatosis, 271 
moniliasis with meningeal involvement, 700 
Alenlngloma of left cerebral hemisphere, 602 
Meningitis, gonococcic, 701 
gonococcic, in new-born infant, 695 
hcmogloblnophillc bacilli from infantile 
meningitis, 260 

pathogenesis of menlngocoecic meningitis, 847 
purulent, duo to Bacillus enteritldis, 266 
quick diagnosis in epidemic cerebrospinal 
meningitis, 439 

Meningococcus, antigenic complex of meningo- 
coccus, 707 

precipitinogens in cerebrospinal fluid, 707 
toxin, 591 

variation in stock cultures of meningococci, 

703 

Menlngo-Encephalltls : Sec Encephalitis ; Menin- 
gitis 

Menne, F. It. : Changes in myocardium of rab- 
bits from augmenting heart rate mechani- 
cally and from Induced hyperthyroidism, 
*333 

Menstruation, menstrual cycle and lipoid con- 
tent of uterine mucous membrane, 839 
Mercurosal : See Salyrgan 
Mesaortitls : Sec Aortitis 

Mesentery, lymphogranulomatosis of stomach and 
xanthomatosis of mesentery, 842 
melamorphosls of Metastrongylus larvae and 
mesenteric lymph glands, *769 
Mesoderm : lipoid substances in cells of 
mesenchymal origin, 691 
Mcsoglla : Sec Neuroglia 

Metastrongylus larvae; metamorphosis of 
Metastrongylus larvae and mesenteric lymph 
glands, *769 

Metatarsus, Kfihler’s disease of tarsal navicular 
bone in identical twins, 691 
Methylene Blue: See Methylthlonlne chloride 
Methylfhlonlnc chloride, photodynamic action of 
methylene blue on bacteriophage, 261 
chloride, photodynamic action of methylene 
blue on certain viruses, 261 
Mctrazol, pentamethylenetetrazol poisoning, GOO 
Microglia : See Neuroglia 

Milles, G. : Principle accelerating growth and 
maturation demonstrated in metastases of 
tumor of thyroid gland, *631 
Minerals in silicotic lungs, 256 

some abnormalities in rats subsisting on diets 
poor in mineral nutrients, *40 
Mitral Valve, flbromyxomatous hyperplasia of 
mitral valve, 583 

relative frequency of calcification of mitral 
ring, 579 

Moniliasis with meningeal involvement, 700 
Monocytes : See Leukocytes 
cultivation of monocytes in fluid medium, 410 
Mononucleosis, Infectious, diagnostic test for, 

704 

Monster, unusual anomaly of face In anen- 
cephallc monster, 587 

Moolten, S. E. ; Hodgkin’s disease in lung, 282 
Moore, B. A. : Urea clearance after unilateral 
nephrectomy in dogs, *46 
Mosquitoes, titration of yellow fever virus In 
Stegomyia mosquitoes, 849 
Moving pictures ; micromotion pictures of 
growth of Mycobacterium phlel, 701 
Miiller's duct, anomalies of mtillerian duct, 588 
Mulrooney, M. : Effect of reticulo-endothelial 
cell blockade on formation of antibodies in 
rabbits. 868 

Mycobacteria : See under Bacteria 
Mycosis fungoides, 413 
Myelin sheaths in ganglioneuromas, 802 
Myeloma, hyperprotelnemla in myeloma, 258 
lymphomatosis, and endothelioma of chickens 
caused by filterable agent, 096 
renal lesions associated with multiple 
myeloma, 688 
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Myers, W. IC. : Histologic changes in knee 
joint with advancing age ; relation to de- 
generative arthritis, *516 
Myoblastoma associated with squamous cell 
carcinoma of tongue, 432 
Myocarditis, fetal, endomyocarditis ; intrauterine 
infection as cause of congenital cardiac 
anomalies, 833 

Myocardium changes from augmenting heart 
rate mechanically and from Induced hyper- 
thyroidism, *333 

Myoclonus, palatal myoclonus, 415 
Myoma, cyst In large myoma undergoing 
sarcomatous change, 800 
Myxosarcoma, Fujinaml myxosarcoma in ducks, 
801 


Osteitis deformans; porotic form of Facet’s 
disease of skull, 692 

fibrosa associated with parathyroid adenoma, 
718 * 

fibrosa, intrathyroid parathyroid tumor and 
generalized fibrocystic osteitis, 247 
Osteomyelitis, congenital localized osteomyelitis 
of skull, 840 

Osteosclerosis pseudoleukemia, 420 
Ovary, quantitative study of ovarian follicular 
atresia, 110 

unusual lipoid change in ovarian fibroma, 002 
Oxyaclds and hydroxyacids, efl'ects of, on pro- 
tein swellings, *615 
Oxycephaly In man and rabbit, 417 


Nasopharyngx carcinoma, 800 
diphtheria-like organisms from, 122 
Neck, congenital vertebral deformity with 
absence of. 111 ; correction, 243 
Negri Bodies ; See Babies 
Nelman, B. H. : Varlx of pulmonary vein, 135 
Nephelometry, examination of extracts for Was- 
sermann reaction by means of neplielometry, 
275 

Nephrectomy : See under Kidney 
Nephritis : See under Kidney 
Nephrosis : See under Kidney 
Nerves in tumors, 716 

spinal ; cysts of posterior roots of spinal 
nerves, 582 

Nervous System, changes in nervous system in 
lead poisoning, 584 

Involvement of central nervous system in case 
of generalized xanthomatosis (SchilUer- 
Chrlstian's disease), 111 
lesions caused by certain neurotoxic phenol 
esters, 417 

lesions of nervous system in rats on a diet 
low in vitamin A, 410 
Syphilis : See Syphilis 

vascular changes of central nervous system 
in rheumatic cliorea, 584 
xanthomatosis and central nervous system 
(Schiiller-Chrlstlan syndrome) , 834 
Neurinomas, two cases of metastasizing neu- 
rinomas of gastro-intestinal tract, 431 
Neuro-epitheliomas, tumors of clioroid plexus, 
ependymomas and neuro-epitheliomas, 436 
Neurofibroma ; See Spinal Cord, tumors 
Neurofibromatosis, changes in nerves, skin and 
bones in Recklinghausen’s neurofibroma- 
tosis, 115 

congenital neuroflbromatous macroglossla, 433 
hypertrophy of esophagus and stomach in 
Recklinghausen’s neurofibromatosis, 115 
Neuroglia, staining of oligodendroglla and of 
microglia in celloldln sections, 274 
syncytial structure of glia, 582 
Neurosyphilis : See under Syphilis 
New-Born ; See under Infant 
Niemann-Pick’s Disease and other forms of so- 
called xanthomatosis, 251 
increase in phosphatide in, 259 
Nocardiosis cutis gangrenosa, 255 
Nodules, histopathology of marginal nodules 
caused by prosthesis of lower limb, 112 
subcutaneous. Induced by injection of Strepto- 
coccus virldans, *052 
Nose, congenital maldevelopments, 110 
polyps, cytology of, 442 

unusual anomaly of face in anencephalic 
monster, 587 

Obituaries; 

McNabb, Paul Edgar, 405 
Welch, 'ivilliam Henry, 829 

Oils, cancerlgenlc principle of oils and fats, 128 
O’Leary, J. L. : Histology of adenoma of Islets 
of Langerhans, *291 
Oligodendroglla : See Neuroglia 
Omentum, pathogenesis of epiploitis, 094 
pathologic histology of, 830 
Ophthalmia, sympathetic, origin and nature of, 
*003 


Paget Disease of Bone : See Osteitis deformans 
Pancreas, absence, partial, congenital, 692 
adenoma of Islets of Langerhans, histology 
of, *291 

carcinoma ; hepatic and bile duct changes 
from obstruction of common bile duct due 
to pancreatic carcinoma, *362 
carcinoma of pancreas, insular, 129 
carcinoma of tail of [lancreas associated witli 
polyposis and carcinoma of stomach, 807 
changes in pregnancy, 417 
cy'stadenoma, diffuse, 431 
pancreatic Islets of new-born Infant of 
diabetic mother, 091 
rupture, traumatic, 438 
tuberculosis, experimental, 264 
Papilloma, infectious papillomatosis of rabbits, 
715 

Paralysis agitans, changes in muscles and 
nerves in paralysis agitans, 589 
general; paralytic dementia as spirochetosis, 
265 

Infectious bulbar (mad itch), 098 
Parathyroid adenoma with osteitis deformans, 
718 

hormone, action of vitamin D and of para- 
thyroid hormone on calcium metabolism as 
interpreted by studying effect of single 
doses on calcification of dentin, *22 
intrathyroid parathyroid tumor and general- 
ized fibrocystic osteitis, 247 
Paratyphoid, agglutinins with tj’phoid-para- 
typlioid vaccine, 854 

Parker, F., Jr. : Histologic changes in knee 
joint with advancing age; relation to de- 
generative arthritis, *516 
Parsons, J, W. : Carcinoma of tall of pancreas 
associated with polyposis and carcinoma of 
stomach, 807 

Paternity, blood grouping in questions of par- 
entage, 437 . „ 

subgroups Ai and Aj in investigation of, JT- 
Peptic Ulcer; unusual peptic ulcers of greater 
curvature of stomach, 444 
Peptone, importance of adequate reduction ot 
peptone in .preparation of media for pneu- 
mococcus and other organisms, 274 
Periarteritis nodosa, healing stages and tlielr 
relation to juvenile atherosclerosis, 114 
nodosa, histologic changes in blood vessels in 
allergic conditions and their relatlonsiilp to 
periarteritis nodosa, 418 
Perla, D. : Case ot Cooley’s anemia, 280 

Instance of plasmocytoma within tuberculous 


cavity, 279 

Pertussis : See Whooping Cough 
Phagocytes and Phagocytosis, pliagocytic activ- 
ity of capillary endothelium, 200 
respiration of phagocytosis, 260 
Phelps, D. : Endometrial hyperplasia, *_i9J 
Phenol, estimation of tissue phenols, -oi 
lesions caused by certain neurotoxic pneno 
cstors 417 

?henylhydrazlne, experimental studies on 

genesis of jaundice caused by pnen>i- 
hydrazine, 244 ^ 

Phillips, P. H.: Histology of certain organa 
and teeth in chronic toxicosis due t 
fluorine, *169 

’hosphatase In tumors, 271 . 

’hosphorus and alcoholic cirrhosis, 4US 
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•Pigmentation : See Jlelanin 

Pineal Gland, serologic speciflclty of pineal 
gland, 595 

Pituitary Body; cell changes In anterior hypo- 
physis after cancer Implantation In rats, 
859 

dwarfism due to congenital syphilis of, 116 
physiology of hypophysis, 248 
posterior pituitary body activity from an 
anatomical standpoint, 407 
relation between endocrine glands and estrus 
cycle, 109 

synergic hypophyseal factor and prolan-lllce 
substances, 410 

Pituitary Extract, comparison of compensatory 
hypertrophy of thyroid with that following 
administration of anterior pituitary extract, 
116 

Influence of extract of anterior pituitary on 
autotransplanted and homeotransplanted 
thyroid, *381 

reducing substance In chromophlllc adenoma 
and in normal anterior pituitary, 256 

Placenta, age of pregnancy; histologic diagnosis 
from percentage of erythroblasts In 
chorionic capillaries, *648 
changes in syphilis, 117 
group-specific differentiation of placental 
organs, 427 

serologic specificity of placental tissue, 270 

Plasmocytoma, primary, 434 
within tuberculous cavity, 279 

Pleura, multiple cavernoma, 436 

Plewes, L. W. : Nature and origin of xanthoma 
cell, *177 

Pneumococcus, acute pneumococclc endocarditis 
in early Infancy, 721 

autolysates in dermal Infection In rabbit, 705 
changes in titer of antl-pneumococcal humoral 
immunity In adult human beings, 706 
effect of nonspecific agents on action of anti- 
pneumococcus serum, 700 
formation of green pigment from haemoglobin 
by pneumococcus, 845 

Importance of adequate reduction of peptone 
In preparation of media for pneumococcus 
and other organisms, 274 
Infection In Infancy and childhood, 121 
Intranasal virulence of pneumococci for mice, 
698 

micro-organisms which decompose specific 
carbohydrate of pneumococcus, types 11 and 
III, 851 

nonspecific preclpitins for pneumococclc frac- 
tion C in acute Infections, 710 
resistance to pneumococcus infection In rab- 
bits, 705 

simple method for preparation of specific 
soluble substance of type I pneumococcus, 
855 

soluble specific substance of pneumococcus 
type I, 708 

Pneumonia, chronic foreign body pneumonia 
caused by grain dust, 420 
experimental pneumonia, 245 
lipoid pneumonia, *160 

massive anemia necrosis of lung In pneu- 
monia, 841 

Pneumonoconlosis, hlstochemical and mlneralog- 
Ical analysis of duct particles In pneurao- 
noconlosis, 257 

minerals In silicotic lungs, 256 

Pneumothorax, artificial, effects on circulation, 
574 

Poisoning: See under names of specific sub- 
stances 

Poliomyelitis, antlpoliomyelltic serum from 
monkeys, 267 

Immunization of monkeys against acute ante- 
rior poliomyelitis with reference to oral 
Immunization, 869 

Imraimizatlon of sheep to virus of polio- 
myelitis, 711 

neutralization of poliomyelitis virus, 711 


Poliomj’elltls — Continued 

neutralizing antibodies in abortive polio- 
myelitis, 708 

titration of poliomyelitic virus containing 
tissue, 099 
virus, 844 

Polyps, nasal, cytology of nasal polyps, 442 
polypoid growth of cervical glands In vagina 
during pregnancy, 418 

Portal Vein, effect of experimental portal con- 
gestion on absorption and excretion of 
water, 574 

Preclpitins, nonspecific preclpitins for pneumo- 
cocclc fraction C In acute infections, 710 
precipitin production in rabbits following in- 
tramuscular Injection of antigen adsorbed 
by aluminum hydroxide, 712 
quantitative precipitin study on rabbits In- 
jected with azo protein, 589 
reactions in blood of rheumatic patients fol- 
lowing acute throat Infections, 857 
reactions, volume of precipitate In, 849 
titer and concentration of preclpitins, 594 
Pregnancy, age of pregnancy ; histologic diagno- 
sis from percentage of erythroblasts in 
chorionic capillaries, *648 
changes In pancreas In pregnancy, 417 
renal lesions In eclampsia and nephritis of 
pregnancy, 690 

Priapism in case of sepsis, 840 
Prize, eleventh annual prize of $1,000 given by 
American Association for Advancement of 
Science to It. L. Kahn, 104 
Gibbs prize to be awarded, 687 
Protamines and sulphydrlls, melanosis with 
reference to, 256 

Protein-amine compounds, colloid-chemical prop- 
erties of some protein-amine compounds, 
*324 , 

effects of oxyacids and hydroxyaclds on pro- 
tein swelling, *615 

experimental edema : further experiments on 
type of edema produced by diet low In 
protein, *152 

quantitative precipitin study on rabbits In- 
jected with azo protein, 589 
Pseudoleukemia, osteosclerotic, 420 
Pseudorabies, cultivation of pseudorabies virus, 
845 

infectious, bulbar paralysis, mad itch, 698 
Psittacosis, developmental forms of virus of, 703 
immunological studies with virus of, 853 
pathology of psittacosis in animals and dis- 
tribution of Rickettsia psittacl in tissues of 
man and animals, 120 

Pyelonephritis, contracted kidney due to pyelo- 
nephritis, 835 

Pylephlebitis'. See Portal Vein 

Quinine and ultraviolet rays, 249 

Rabies, autochthonous rabies in Africa, 848 
Rablnovltch, J. ; Lipoid pneumonia, *160 
Radiation : See Roentgen Rays ; Ultraviolet 
Rays ; and under names of various diseases 
Recklinghausen’s Disease : See Neurofibromatosis 
Reimann, S. P. : Proliferative reaction of guinea- 
pig skin to sulphydryl and Us relation to 
neoplasia, *764 

Respiratory 'Tract, disease; coryza of domestic 
fowl, 697 

Reticulo-Endothelial System, aseptic inflamma- 
tion after blocking locally reticulo-endo- 
thelial system, 419 

effect of reticulo-endothelial cell blockade on 
formation of antibodies In rabbits, 868 
function of. In experimental streptococcic 
sepsis, 108 

subleukemic retlculo-endothellosis terminating 
In reticulo-endothelial sarcoma of humerus. 
432 

systemic reticulo-endothelial hyperplasia with 
tumor-llke formations in case of chronic 
lymphatic leukemia, 436 
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Jtheiimatlc Fever, bacteriologlc investigation of 
blood in, 260 

combined syphilitic and rheumatic disease of 
aortic valve ; report of 3 cases, *729 
experimental production of rheumatic lesions 
in heart and in joints, 244 
localization of rheumatic lesions in heart, 839 
relationship of rheumatic process to develop- 
ment of alterations in tissues, 250 
rheumatic manifestations in subacute bacterial 
endocarditis in cliildren, 842 
subcutaneous nodules in rheumatic fever and 
rheumatoid arthritis, 416 
Bheumatisra, heart diseases in, without valvu- 
litis, 689 

lesions in pulmonary artery in, 418 
precipitin reactions in blood of rheumatic 
patients following acute throat infections, 
857 

relation of rheumatic infection to arterioscle- 
rosis of aorta, 113 

unusual histologic forms of rheumatic infec- 
tion, 114 

Rhlnoscleroma at necropsy, 836 
intestinal, 840 

Rickets, Renal : See under Dwarfism 
Rift Valley lever, nuclear inclusions in liver 
in Rift Valley fever, 702 
Rocky Mountain spotted fever and boutonneusa 
lever, 702 

cultivation of virus of spotted fever, 424 
experimental reinfection of guinea-pigs with 
virus of spotted fever, 423 
Roentgen Rays, effect of x-rays on lungs and 
heart. 258 

Therapy : see under names of diseases 
Rosedale, R. S. : Congenital heart disease : in- 
terventricular septal defect, dextroposition 
of aorta and dilatation of pulmonary artery, 
721 

Rukstinat, G. : Calcification of dural and cere- 
bral tissue in a hydrocephalic idiot child, 
865 

Rule, A. M. : Immunization of monkeys against 
acute anterior poliomyelitis with reference 
to oral Immunization, 869 
Ryerson, C. S. : Age of pregnancy ; histologic 
diagnosis from percentage of ery thro blasts 
in chorionic capillaries, *648 

Sachs-Georgi Reaction : See under Syphilis 
Sacrum, ossification of sacral Intervertebral 
disks, 578 

Sager. R. V. : Combined sypliilitic and rheu- 
matic disease of aortic valve; report of 3 
cases, *729 

Sala, A, M. ; Carcinoma of stomach treated as 
pernicious anemia ; duration over 6 years, 
286 

Salicyl compounds, death following ingestion of 
five grains of acetylsalicylic acid. 437 
Saliva, group-specific qualities in saliva and 
other body fluids and demonstration of 2 
types of eliminators of group-specific quali- 
ties, 424 

inheritance of serologic types of eliminators 
of group-specific substances, 424 
Salivary Glands, histology of mixed tumors of 
salivary glands, 433 

mucous granulomas in salivary glands and in 
mucosa of stomach, 418 
oncocytes in salivary glands and their rela- 
tion to tumors, 597 

Salmonella, effect of dissociation on antigenic 
behavior of Salmonella and Shigella cul- 
tures, 850 

effect of feeding Salmonella organisms to rats, 
701 

food poisoning, 701 

Salts, effect on rats of lack of salts, *40 
influence of salt solutions on renal tissue, 576 
production of tumor-like growths by inorganic 
salts, 432 


Sanes, S. : Acute pneumococcic endocarditis in 
early infancy, 721 

Age of pregnancy; histologic diagnosis from 
percentage of erythroblasts in chorionic 
capillaries, *648 
Sarcina : See Bacteria, sarclna 
Sarcoma, collision carcinoma and sarcoma, 597 
do giant cell sarcomas exist? 434 
Ewing’s sarcoma of bone, histogenesis of. 714 
experimental production in rats, 129 
malignant tumors produced by tomato juice, 
129 


of choroid, 602 
polymorphous, of uterus, 714 
production by bacilli, 125 
relation between fowl leukosis and sarcoma, 
862 

retothel, 134 

serologic analysis of sarcomatous tissue, 598 
specificity of immunity elicited by mouse sar- 
coma, 861 

subleukemic retlculo-endothellosls terminating 
in reticulo-endothellal sarcoma of humerus, 
432 

Scarlet Fever, comparative studies of purified 
toxins of streptococci of scarlet fever and 
of erysipelas, 591 

mucoid encapsulated streptococci in scarlet 
fever, 851 

Scheffey. L. C. ; Cyst in large myoma under- 
going sarcomatous change, 866 

Schleifstein, J. ; Carcinosarcoma of breast, 719 
Flbro-adenoma of breast containing carcinoma 
and cartilage, 720 

Schour, 1. : Action of vitamin D and of para- 
thyroid hormone on calcium metabolism as 
interpreted by studying effect of single doses 
on calcification of dentin, *22 

Schuller-Cliristian’s disease, involvement of cen- 
tral nervous system In case of generalized, 
xanthomatosis (Schhller-Cliristian’s dis- 
ease), 111 

xanthomatosis and central nervous system, 
834 

Sclerosis: See also Arteriosclerosis 
diffuse, with preserved myelin islands, 41o 
experimental coronary sclerosis, 248 

Secretions, Internal : See Endocrine Glands 

Seellg, M. G. : Nature of so-called xanthoma; 
critical review, *546 

Serodiagnosis, behavior of brain extracts in. 
serologic reactions, 591 

Serous membranes ; primary malignant tumors 


of serous linings, 127 , e 

Serum, induction of changes in specificity oi 
immune serums by chemical treatment, 4Z» 
physical fitness of rabbits for production of 
vrecipitnting antiseniias, 440 
Sickness ; See Anaphylaxis and Allergy 
specific lesions of kidney and liver induced 
by cytotoxic serums, 267 
enpfifintv of bactericidal properties of normal 


serum, 85o 

lex. effect of hormone of suprarenal cortex on 
genital system, 247 
Ihelburne, S. A. : Experimental 

experiments on type of edema produced oy 
diet low in protein, *152 
Ihwartzman Phenomenon : See Immunity 
liegel, H. ; Isolation of etlier from human tis- 
sues, *510 , 

lilbcrberg, M. : Influence of extract of anterior 
pituitary on autotransplantcd and liomco- 
transplanted thyroid, *381 
lillcon, reaction of subcutaneous connective tis- 
in tnipptpcl finely divided stone Uusi, 


837 


)sis: See Pneumoconiosis 
calcifying epithelioma of skin, 596 
iracterlstic skin markings after falling into 
vater from height, 600 , .. 

itologic clianges in clinically unaltered skin 
n syphilis, 694 , ins 

al circulatory reactions of skin, 



INDEX TO VOLUME 17 


Skin— Continued . , , . 

nrollferatlve reaction of guinca-plK skin to 
suiphydryl and its relation to ncopiasia. 


rote of skin in formation of agglutinins, 2G9 
tumors, lipoids of, 596 

Smallpox, complement fixation In vaccinia and 
in variola, 851 

cultivation of vaccine virus for Jennerlan 
prophylaxis In man, 844 
morphologic deiconstratlou of smallpox virus 
in tissue culture, 423 

Snakes, natural hemagglutinins in snakes and 
other cold-blooded animals, 42G 


Society Transactions; 

Buffalo Pathological Society, 721 
Chicago Pathological Society, 130, 277, 441, 
863 

New York Pathological Society, 279 
Pathological Society of Kastern New York, 
601, 717 

Philadelphia Pathological Society, 866 

Sohval, A. R. ; Combined syphilitic and rlieu- 
matic disease of aortic valve ; report of 3 
cases, *729 

Spermatozoa, group specificity of, 272 
Spinal Cord, compression of cord by vertebral 
hemangioma. 580 

hereditary’ neurofibroma and diffuse meningeal 
gliomatosis, 271 

Spine, congenital vertebral deformity with ab- 
sence of neck. 111; correction, 243 
lymphogranulomatosis of vertebral column, 
840 

regression of sacral Intervertebral disks and 
its possible relation to sacral chordoma, 692 
Spirochetes, filtration of spirochetes through 
graded collodion membranes, 703 
Spirochetosis, defense meclianism in chicken 
spirochetosis, 125 

paralytic dementia as spirochetosis, 265 
prophylactic vaccination in Icterohemorrhaglc 
spirochetosis, 592 

Splanchnomegaly and splenomegaly, 577 
Spleen, changes in spleen and marrow in acute 
carbon monoxide poisoning, 438 
multiple necroses of spleen (flecked spleen 
of Feitls) with reference to associated renal 
lesions, *187 
neoplastic rupture, 590 

occurrence and significance of germinal 
centers (Flemming) In human spleen, 863 
significance of spleen in growth and metab- 
olism of malignant tumors, 434 
Splenomegaly and splanchnomegaly, 577 
Spotted Fever: See Rocky Mountain spotted 
fever 

Staining of thorotrast in tissue sections, 275 
oligodendroglla and microglia In celloldin 
sections, 274 

Staphylococcus albus ; chemotropism of leuko- 
cytes in vitro : attraction by dried leuko- 
cytes, paraffin, glass and Staphylococcus 
albus, *607 

antihaemolytic tltre of serum following 
staphylococcal infection, 855 
cultures and broth filtrates of Staphylococci, 
850 

oral immunization with virulent staphylococci 
and streptococci, 270 

plTOmorphlc organism showing relationships 
between staphylococci and actlnomycetes, 
260 

serum, standardization of antitoxic staphylo- 
coccus serum, 594 

toxic effects of staphylococcal filtrates in- 
troduced enterally, 853 

Steiner, P. E. : Hodgkin's disease ; search for 
imective agent and attempts at experi- 
mental reproduction, *749 
tewart, H. L. ; Hepatic and bile duct changes 
irom obstruction of common bile duct due 
to pancreatic carcinoma, *362 


Stewart, J. D. ; Infectious cirrhosis : reiiort of 
case, 277 

Stohr, G. : Jlalformatlons of heart of new-born ; 
congenital lesions suggestive of an inflam- 
matory origin, *311 

Stomacli, carcinoma of stomach treated as 
pernicious anemia ; duration, over 6 years, 
280 

carcinoma of tail of pancreas associated- with 
polyposis and carcinoma of stomach, 867 
dlapliragmatlc hernia of stomacli, acQUired, 
693 

functions of Brunner’s glands and pyloric end 
of stomach, 575 

histology of gastric mucosa and acute 
erosions, 422 

hypertroiihy of esophagus and stomach in 
Reckllngliauscn’s neurofibromatosis, 115 
lympliogranulomntosls of stomacli and 
xantliomatosis of mesentery, 842 
mucous granulomas in salivary glands and 
in mucosa of stomach, 418 
wounds, influence of food on healing process 
of, 107 

Streptococci, cataplioretlc velocity of strepto- 
cocci In encephalitis and other diseases of 
nervous system, 118 

fibrinolytic activity of hemolytic streptococci, 
099 

infection ; function of retlculo-endothelial 
system In experimental streptococci sepsis. 
108 

mucoid encapsulated streptococci in scarlet 
fever, 851 

oral immunization with virulent staphylococci 
and streptococci, 270 

relation of allergy to general resistance In 
streptococci infection, 711 
seasonal changes in cataphorectlc velocity and 
virulence of Streptococci, 850 
species Immunity to virulent streptococci, 854 
virldans, subcutaneous nodules induced by 
Injection of Streptococcus virldans; 
speciflety of lesion and origin of polyblasts, 
*652 

Streptolysins : See Hemolysin 
Suer, W. ,1. : Colloid-chemical properties of 
some protein-amine compounds, *324 
Effects of oxyacids and hydroxyaclds on pro- 
tein swelling, *615 

Suicide, pentamethylenctetrazol poisoning, 600 
Sulphydrlls and protamines, melanogenesis with 
reference to, 256 

proliferative reaction of guinea-pig skin to 
sulpliydryl and Its relation to neoplasia, 
*764 

significance of suiphydryl as growth factor, 
*218 

Suprarenal Preparations ; effect of hormone of 
suprarenal cortex on genital system, 247 
Suprarcnals .and Infection, 858 
cavernous hemangioma of. 862 
cortical lipoid of mouse suprarenal after 
unilateral suprarenalectomy, 412 
serologic specificity of suprarenal medulla, 
502 

Sweany, H. C. : So-called alveolar cell car- 
cinoma of lung, 441 

Sweat Glands, histology of human apocrine 
sweat glands, 582 

Synovial membrane, tissue culture of synovial 
membrane, 248 

Syphilis : See also under names of organs, as 
Intestine, syphilis; and under names of dis- 
eases. as Aortitis, syphilitic 
application of recent precipitation reactions 
for demonstration of syphilis In rabbits, 
270 

combined action of arsphenamine and ultra- 
violet rays on Splrochaeta pallida, 249 
combined syphilitic and rheumatic disease of 
aortic valve ; report of 3 cases, *729 
congenital; periosteal bone formation at 
epiphyseal line in congenital syphilis, 694 
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Syphilis — Continued 

dwarfism due to congenital sypiulis of hypo- 
physis, 116' 

experimental, new studies in, 263 
histologic changes in clinically unaltered skin 
in, 694 

in guinea-pigs, 262 

neurosyphilis ; experimental studies of syphilis 
of central nervous system, 423 
placental changes in, 117 
precipitation and ‘‘hall’' reactions for demon- 
stration of syphilis, new methods of, 275 
precipitation tests for serologic diagnosis of 
syphilis, 440 

relation between cerebrospinal fluid and blood 
serum in, 439 

Sachs and Georgi reaction ; comparison of 
results of Sachs and Georgi (lentochol) re- 
action after 24 and 48 hours, 440 
serodiagnosis ; comparative complement-fixa- 
tion tests in leprosy, tuberculosis and 
syphilis, 430 

serodiagnosis, modification of reaction of 
Tsien-Yung-Tsu with inactivated serum for 
diagnosis of syphilis, 276 
serodiagnosis, practical value of new modifica- 
tion of citochol reaction, 275 
sudden death and syphilis, 437 

Tar Cancer; See Cancer 

Teeth, histology of certain organs and teeth in 
chronic toxicosis due to fluorine, *169 
incisor teeth of albino rats and guinea pigs in 
vitamin A deficiency and repair, 244 
origin and pathologic significance of epl- 
theliutn found about roots of teeth, 130 
rare dental anomaly (“dens in dente”), 277 

Terplan, K. : Anatomic studies of primary .and 
postprimary pulmonary tuberculosis in white 
children and adults, 723 
Primary tuberculous focus with extensive 
caseous pleuritis without complex changes 
in regional lymph nodes, 722 

Testicle, adenomas in undescended testis, mul- 
tiple, 433 

extract, effect on experimental tuberculosis, 
408 

extract; influence of testicle extract upon ef- 
fect of toxins, bacteria and viruses, and 
on Shwartzman and Arthus phenomena, 708 
transplant : functionating ipsihomogeneous 

testicle (cat) transplant surviving 8 years, 
247 

tumors, 861 

Tetanus toxoid in prophylaxis against tetanus, 
712 

Thorium, detection in tissues, 259 

Thorotrast, staining of thorotrast in tissue sec- 
tions, 275 

Throat infection; precipitin reactions in blood 
of rheumatic patients following acute throat 
infections, 857 

Thrombopathy, constitutional thrombopathy 
(new disease of blood), 107 

Thrombosis, coronary occlusion, thrombosis in 
left ventricle, iliac embolism and gangrene 
of lower extremities, 718 
heart in deaths due to embolism and throm- 
bosis, 583 

of hepatic vein, 580 

Thyroid abscess, chronic, 112 
changes in myocardium of r<abblts from aug- 
menting heart rate mechanically and from 
Induced hyperthyroidism, *333 
comparison of compensatory hypertrophy with 
that following administration of anterior 
pituitary extract, 116 

complete heart-block in hyperthyroidism fol- 
lowing acute Infections, 407 
disease, blood cholesterol in experimental 
thyroid disease, 408 
lieart changes in hyperthyroidism, 841 
influence of diet and hormones on thyroid 
function, 245 


Thyroid — Continued 

influence of extract of anterior pituitary on 
autotransplanted and horaeotransplantcd 
thyroid, *381 

of north German and south German rats, 582 
tumors ; principle accelerating growth and 
matur,ation demonstrated in metastases of 
tumor of thyroid gland, *301 
Tissue culture of synovial membrane, 248 
culture studies on blood vessels and serous 
membranes, 575 

culture studies on relation of tuberculin re- 
action to anaphylaxis and Arthus phenom- 
enon, 708 

cultures, influence of cytotoxins on growth 
and metabolism of tissue cultures, 249 
cultures of fibroblasts, 105 
cultures, synovial cells in tissue cultures, 105 
gall bladder epithelium as an osteogenic 
stimulus and physiological differentiation of 
connective tissue, 409 

races that constitute group of common fibro- 
blasts, 409 

reaction of subcutaneous connective tissue to 
injected finely divided stone dust, 837 
reactions of tissue in experimentally sensi- 
tized r.ibbits, 268 

staining of thorotrast in tissue sections, 275 
Tolylenedlamine, jaundice due to, 576 
Tomato juice, malignant tumors produced by 
tomato juice, 129 
Tongue, accessory, 588 

chronic black tongue with anemia, production 
in dogs, 411 

congenital neuroflbromatous macroglossla, 433 
experimentally induced epithelial proliferation 
of rabbit’s tongue, 433 

myoblastoma associated with squamous cell 
carcinoma of tongue, 432 
Tonsils, hematogenotis Infection, 265 
TsIen-Yung-TsU Reaction : See Syphilis, sero- 
diagnosis 

Tubercle Bacilli, blood culture of, 262 
culture by Lowensteln method, 095 
dlssociants and variants, 700 
human tubercle bacillus on bile medium for 
22 years, 847 

in Blood: See Tuberculosis, bacteremia 
lysis of, in sensitized resistant species of ani- 
mals, 268 

tuberculous ultravirus, 262 
vaccination of rabbits with partially defatted 
tubercle bacilli, 706 

vaccination with heat-killed and formalde- 
hydized tubercle bacilli, 705 
Tuberculin tests, comparative sensitiveness of 
Pirquet and Intracutaneous tuberculin tests, 
704 

tissue culture studies on relation of tubercu- 
lin reaction to anaphylaxis and -Arthus 
phenomenon, 708 

Tuberculoid lesion of cattle, subcutaneous, 
morphologic study, *533 

Tuberculosis: See also Tubercle Bacilli; and 
under names of organs and regions 
BCG, paraspeclflc Immunity from BCG, 857 
BCG, repeated injections of BCG In 
monkeys, 848 
baclllemla, 201, 856 

bacteremia ; baclllemla and baclllurla in tuber- 
culosis, '264 

bacteremia ; detection of, in circulating blood, 
264 

bacteremia ; determination of tubercle bacll- 
lemia by Lowenstein's method, 422 
bacteremia in advanced pulmonary tubercu- 
losis, 848 

cockroach ns possible carrier, 844 
effect of primary Infection on contact tubercu- 
losis in rabbits, 697 

experimental ; effect of testicular extract on 
experimental tuberculosis In rabbits, 408 
filtrable elements in, 847 

focal cell reactions in tuberculosis and allied 
dlse.ises, 696 
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Tul)crculfisl< — Continued 

immunization of raWjlts wltli heat-Wllcd 
tubercle baellll, 70& 

of Iiuman origin In Amazon parrot, 844 
perfclstenec of tubertulous Infections, 843 
plasmocjtoma within tuberculous rarity, 2i0 
pulmonary ; anatomic studk*' of primary and 
postprimary pulmonary tuberculosis In 
white children and adults, 723 
pulmonary ; congenital tuberculosis of lung 
due to aspiration of amnlotic fluid, 2fl4 
pulmonary, primary tuberculoub focuh with 
extenshe caseous pleurltls without com- 
plex changes In regional lymph nodes, 722 
pulmonarj, tujjerdt bacilli In blood In, 843 
resistance of rabbits after vaccination with 
partially defatted tubercle bacilli, 70C 
•■crodlagnosls , comparative complement-fixa- 
tion tests In leprosy, tuberculosis and 
syphilis, 430 

spontaneous, In animals, 202 
tuberculin reaction : tuberculous skin reac- 
tion, 123 

tuberculous vegetations of trunk of pulmonary 
artery, 2,’)1 

vaccination with heat -killed and forinalde- 
hydlzed tubercle bacilli, 70 j 
Tuchman, L I! Hypertrophy of heart due to 
storage of glycogen, 281 

Tuft, L . Kflcct of reticulo-endothclial cell 
blockade on formation of antibodies In 
rabbits, 808 

Tularemia, bone marrow In, 089 
Tumors. See also Cancer; Sarcoma: and under 
names of organs and regions 
demonstration of antibodies against malig- 
nant tumors In blood, 598 
fundamental riuestlons In tumoi research, 430 
lipoids of tumors of skin, 590 
mixed; carcinosarcoma, 120 
mixed, carcinosarcoma of breast, 719 
nerves In tumors, 710 
phosphatase In, 271 

presence of receptors M and N In, 598 
primary malignant tumors of serous linings, 
127 

production of tumor-llkc growths by Inorganic 
salts, 432 

proliferative reaction of gulnea-pIg «kln to 
Hulphydryl and Us relation to neoplasia, 
•704 

Twins, Kohler’s disease of tarsal navicular 
bone In Identical twins, 091 
Typhoid, agglutinins with typhoid-paratyphoid 
vaccine, 854 
arterial disease In, 094 

bacillus, lithium chloride mediums for pres- 
ervation and recovery of typhoid bacillus In 
feces, 117 

Immunization; content of agglutinins In com- 
bined oral and subcutaneous typhoid Im- 
munization, 595 
Typhus In rats, 848 
virus, survival In brain tissue, 849 

Ulcers: Sec Peptic Ulcer; and under names of 
organs 

Ultraviolet Rays and cjulnlnc, 249 
antigenic cjualltlcs of bacteria treated with. 
430 

combined action of arsphenamlne and ultra- 
violet rays on Spirochacta pallida, 249 
Umbilicus, persistent enteric mucosa at umbil- 
icus, 720 

Undulant Fever, histology of, 311 
value of animal Inoculation In diagnosis of, 
205 

Urea clearance after unilateral nephrectomy In 
dogs, *40 

Uric acid, synthesis of. In birds, 259 
Urine, bacteria In ; baclllcmla and baclllurla In 
tuberculosis, 204 

methods and effects of Increasing urinary 
constituents In body, 411 


Urine — rontlnucd 

urinary compound of albumin, Bcnco-.Toncs 
protein, pscudoglobulln and unknown anti- 
gen, 250 

Urticaria; urticarial skin reactions In guinea- 
pigs, 708 

Uterus, cervix, mitogenic radiation by cervical 
cancer, 715 

cyst In large myoma undergoing sarcomatous 
change, 800 
flbrosls, 254 

lymphogranulomatosis, 093 
mucous membrane, menstrual cycle and 
lipoid content of uterine mucous membrarro, 
839 

polymorphous sarcoma, 714 

Vagina, polypoid growth of cervical glands 
during pregnancy, 418 
Variola Sec Smallpox 
Varlx of pulmonary vein, 135 
de Veer, ,T. A. : Origin and nature of lesion of 
sympathetic ophthalmia, *003 
Vein, Portal: .‘^ec Portal Vein 
Venesection, Influence on titer of diphtheria 
antitoxin. 590 

A’enom, Inactivation ejf complement with poison 
of snake IJothrops, 425 
Vertebra ; Spine 
Vlosterol : See Krgosterol 

Virus, cultivation of vaccine virus for .Ten- 
nerlan prophylaxis In man, 844 
dhcase of canary of fowl pox group, 845 
Alterable, carriers of, 700 
Vital Statistics, analysis of coroner’s statistics 
from Cook County (Chicago), Illinois with 
pathologic review of causes of death, *775 
Vitamin A deflcleney, Incisor teeth of albino 
rats and guinea pigs In vitamin A deficiency 
and repair, 244 

A, lesions of nervous system in rats on a diet 
low In vitamin A, 410 

C, relation of vitamin C deficiency to In- 
testinal tubereulosls In gulnea-pig, 099 
1), action of vitamin D and of parathyroid 
hormone on calcium metabolism as In- 
terpreted by studying effect of single 
doses on calcification of dentin, *22 
r>, arterial disease produced by cholesterol 
and vitamin I), IOC; correction, 451 
necessary for growth of Bacillus sporogenes, 
702 

renal lesions In hypcrvltamlnosls, 412 
Vitreous Humor, cellular response of vitreous 
humor to bacteria, blood and vital dyes, 846 

Wakeman, A. J. : Some abnormalities in rats 
subsisting on diets poor In mineral 
nutrients, *40 

Walsh, T. E. : ‘ Cytology of nasal polyps, 442 
Warshiill, H. B. ; Amyloidosis ; experimental 
studies, *50 

Wartman, W. B. : Chemotropism of leukocytes 
in vitro ; attraction by dried leukocytes, 
paraffin, glass and Staphylococcus albus, 
•607 

Wassermann reaction, examination of extracts 
for, by means of nephelometry, 275 
Water, effect of experimental portal congestion 
on absorption and excretion of water, 574 
skin markings after falling Into water from 
a height, COO 

Well, A. ; Demonstration of micro-organisms 
in epidemic encephalitis (St. Louis epidemic), 
278 

Wclser, H. B. : Mechanism of formation of pure 
cholesterol gallstones, *1 
Whooping Cough, bacteriophage of Bacillus per- 
tussis, 700 

Williams, E. Y. : Structural changes In gran- 
ular layer of cerebellum, *206 
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Wolfe, J. M. ; Endometrial hyperplasia, *799 

Womack, N. ; Histology of adenoma of islets 
of Langerhans, *291 

Wright, A. W. : Persistent enteric mucosa at 
umbilicus, 720 

Xanthoma, lymphogranulomatosis of stomach 
and xanthomatosis of mesentery, 812 
nature and origin of xanthoma cell, *177 
nature of so-called xanthoma ; critical re- 
view, *516 


Xanthomatosis ; See Niemann-Pick’s Disease ; 

Schtiller-Christian’s Syndrome ; Xantlioma 
Xylene : See Benzene 
. / 

Yellow Fever, precipitin reaction in yellow 
fever, 849 

titration of yellow fever virus in Stegomyla 
mosquitoes, 849 

Yudkln, A. M. ; Some abnormalities in rats 
subsisting on diets poor in mineral nu- 
trients, *40 




